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EXPERIMENTAL ENCEPHALOGRAPHY WITH 
ANESTHETIC GASES 


ROBERT B. AIRD, M.D. 
SAN FRANCISCO 


Following the introduction of ventriculography in 1918 and 
encephalography in 1919 by Dandy, these procedures received wide atten- 
tion and trial. Early mistakes were soon corrected, and the tests have 
become relatively safe procedures to which the neurosurgeon does not 
hesitate to subject his patient if he believes them to be indicated. 

However, the injection of air into the ventricular and subarachnoid 
spaces carries with it certain unpleasant effects which appear to be 
inevitable. 

The injection of air almost invariably causes an acute reaction, 
characterized by severe headache and occasionally nausea, vertigo, 
vomiting, profuse perspiration and more or less shock. Anesthesia 
alone is capable of overcoming this, and when an injection of air is 


made in a patient whose condition is already unfayorable, the pro- 


cedure becomes of major importance. The acute reaction generally 


lasts from six to eight hours.‘ More serious reactions are avoided by 
the proper selection of patients arid an improved technic of injection. 

Another unfortunate feature of the injection of air is its pro- 
longed presence. It is thought that air is absorbed from the human 
subarachnoid spaces in from twelve to twenty-four hours.* Air dis- 
appears from the ventricles much more slowly. Reports of its presence 
for from seven to ten days and even longer may be found in the litera- 
ture. Headache and other symptoms, less severe than in the initial 
acute reaction, are usually prolonged one or two days.* The fact that 


From the Department of Surgery of the University of California Medical 
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the air may be withdrawn in part following ventriculography is urged 
by some workers as a reason to prefer this method over encephalography. 

A more dangerous result of the injection of air is intracranial hyper- 
tension, even though the pressure may have been subnormal at the end 
of the injection. Tschugunoff* noted increased pressure following the 
injection of air in 82 per cent of 32 cases which he studied. Whether 
the injection of air stimulates an increased production of cerebrospinal 
fluid or impairs its absorption is not clear. However this may be, when 
a condition of intracranial hypertension already advanced is exagger- 
ated by this mechanism, the procedure may become a real danger, and 
fatalities have been attributed to this cause.° 

There can be little doubt that air is an irritant to the central nervous 
system. Although the initial acute reaction might conceivably be 
explained as the result of an alteration of pressure incident to the 
withdrawal of spinal fluid and the injection of air, the less intense and 
more prolonged reaction, as well as the subsequent increase of intra- 
cranial pressure, seems better explained on an irritative basis. Cyto- 
logic studies on spinal fluid and experimental studies on the pathologic 
changes * following the injection of air corroborates this opinion, and 
one may conclude with Eley and Vogt: “Obviously a temporary sterile 
meningitis is established by the irritative effect of the air.” 

It may be concluded, then, that although the injection of air has 
proved to be an essentially safe procedure it nevertheless remains a 
painful and trying ordeal for the patient, usually requiring the use of 
an anesthetic and four or five days’ hospitalization. Its safety, too, is 
not unqualified ; it depends on a careful selection of cases and a develop- 
ment of technic. These very factors limit its application and scope of 
usefulness. 

REVIEW OF THE LITERATURE 


Such factors have led various workers to seek other methods of 
encephaloventriculography. These methods have been chiefly of two 
general types—the use of opaque fluids and the use of gases. Judging 
from the literature the first of these experimental methods has received 
most attention. 


4. Tschugunoff, S. A.: Zur Frage iiber die Veranderungen der cerebro- 
spinalen Fliissigkeit nach der Encephalographie, Ztschr. f. d. ges. Neurol. u. 
Psychiat. 122:452, 1929. 

5. Grant, F. C.: Surgery of the Head, Spinal Cord and Peripheral Nerves, 
Progressive Med. 1:48 (March) 1930. Adson, A. W.: Evaluation of Pneu- 
moventriculography and Encephalography, Am. J. Roentgenol. 27: 657 (May) 
1932. 

6. Eley, R. C., and Vogt, E.: Encephalography in Children; Further Observa- 
tions in Children with Fixed Lesions of Brain, Am. J. Roentgenol. 27:686 (May) 
1932. Jacobi, W.: Zur Frage der Spiatschadigungen nach Encephalographie, 
Deutsche Ztschr. f. Nervenh. 112:266, 1930. Tschugunoff.* 
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Iodized poppy-seed oil 40 per cent was used for spinal epidural and 
subarachnoid injection as early as 1923 by Sicard and Forestier? and 
later was used intracranially in various ways by Schuster,’ Rimbaud, 
Lamarque and Jambon,® Schaeffer and Baron,’® Gortan and Saiz,” 
Sicard and Forestier,’* Mayer,’* Haguenau and Gally,’* Balado,** 
Morea,** Obarrio and Orlando,"* Carrillo ** and Castex and Romano.*® 
The results have been rather unsatisfactory from a roentgenologic 
standpoint. Reactions, usually headache and fever, were reported by all 
except the South American authors. In 1931 Bruskin and Propper *° 
carefully studied the pathologic effects of iodized poppy-seed oil 40 per 
cent over prolonged periods in dogs. Granulomatous and absorptive 
reactions were observed in the meninges. Vascular reactions and 
changes in the cortical cells were noted also. These authors expressed 
the opinion that such manifestations in the meninges and brain were 
typical of a foreign body reaction. 


7. Sicard, J. A., and Forestier, J.: L’huile iodée en clinique: Applications 
thérapeutiques et diagnostiques, Bull. et mém. Soc. méd. d. hép. de Paris 47:309 
(Feb. 23) 1923. 

8. Schuster, J.: Ventriculographie mit Lipiodol ascendens und descendens, 
Klin. Wchnschr. 4:2064 (Oct. 22) 1925. 

9. Rimbaud, Lamarque and Jambon: Lipiodol ascendant intra-ventriculaire : 
Présentation de clichés, J. de radiol. et d’électrol. 9:450 (Oct.) 1925. 

10. Schaeffer, H., and Baron, P.: Le lipiodal ascendant dans la localisation 
des tumeurs cérébrales: Son intérét et ses dangers, Médecine 7:391 (Feb.) 1926. 

11. Gortan, M., and Saiz, G.: Encefalografia e lipiodol ascendente, Policlinico 
(sez. med.) 33:312 (June) 1926. 

12. Sicard, J. A., and Forestier, J.: Roentgenologic Exploration of Central 
Nervous System with Iodized Oil (Lipiodol), Arch. Neurol. & Psychiat. 16:420 
(Oct.) 1926. 

13. Mayer, E. G.: Zur Verwendung des aufsteigenden Jodéls fir die R6ntgen- 
diagnostik, Fortschr. a. d. Geb. d. Réntgenstrahlen 38:619 (Oct.) 1928. 

14. Haguenau, J., and Gally: Exploration lipiodolée rachimédullaire et cranio- 
cérébrale, J. de radiol. et d’électrol. 13:369 (July) 1929. 

15. Balado, M.: Radiografia del tercer ventriculo, mediante la inyeccion intra- 
ventricular de lipiodol, Arch. argent. de neurol. 2:69 (March) 1928; Anatomia 
clinica y radiologica del tercer ventriculo, Semana méd. 1:413 (Feb. 12) 1931. 

16. Morea, R.: Tecnica y resultados de la ventriculografia, Semana méd. 1:281 
(Jan. 28) 1932. 

17. Obarrio, J. M., and Orlando, R.: La visualizacion del 3° y 4° ventriculos 
con lipiodol, Prensa méd. argent. 16:1401 (March 30) 1930. 

18. Carrillo, R.: La radiografia del cuarto ventriculo, Semana méd. 2:719 
(Sept. 3) 1931. 

19. Castex, M. R., and Romano, N.: Un caso insolito de bala en el cerebro: 
utilidad de la ventriculografia con aceite iodado en la interpretacion diagnostico- 
topografica, Prensa méd. argent. 17:333 (July 30) 1930. 

20. Bruskin, J., and Propper, N.: Experimentelle Myelo-Encephalographie an 
Hunden und iiber den Einfluss von Jopidin und Lipojodol auf das Riickenmark, 
Gehirn und dessen Haute, Ztschr. f. d. ges. exper. Med. 75:34, 1931. 
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In two instances the iodized poppy-seed oil 40 per cent penetrated to 
the brain and caused a local glial reaction and formation of cysts. 
Bruskin and Propper tried to explain the reaction in terms of mechani- 
cal and chemical irritation, the latter resulting from a slow splitting 
down of iodized poppy-seed oil 40 per cent to iodine and its products of 
saponification. 

Putnam ** in 1926 reported the use of brominized oils in radio- 
graphy. He found that brominized lard was the most suitable of the 
oils tested and that it was less irritating to the tissues than air. 

In 1928 Frazier and Glasser ** reported the experimental use of 
iodized rape-seed oil intraventricularly, without conclusive results. 

Skiodan was used by Lindstrom and by Arnell ** but was found 
to be unsuitable. 

lodized poppy-seed oil was used by Pieper and Klose ** and Bruskin 
and Propper. It proved to be toxic, except in small amounts. They 
also found that it produced definite pathologic changes in the central 
nervous system, regardless of the amount used. 

In 1932 Radovici and Meller ** reported the use of a preparation 
of thorium dioxide. Even small amounts caused an elevation of tem- 
perature. Evidently the meninges and central nervous system are not 
indifferent to this substance. 

In general, it appears that opaque fluids are nontoxic and inert so 
far as they are insoluble and stable. Even then, mechanical irritation and 
a foreign body reaction may be produced in the central nervous system. 
Furthermore, the necessarily limited amounts which may be injected 
make this method rather inadequate from the standpoint of demon- 
strating the general ventricular outline. 

Although gases, on the other hand, permit of roentgenograms of 
more limited contrast, they appear to be better tolerated and to permit 
a more complete filling and study of the ventricular and subarachnoid 
spaces and are absorbed with relative rapidity. There seems to have 
been little work done on gases other than air. 


21. Putnam, T. J.: Brominized Oils for Radiographic Use: Preliminary 
Report, J. A. M. A. 87:1102 (Oct. 2) 1926. 

22. Frazier, C., and Glasser, M. A.: Iodized Rape-Seed Oil (Campiodol) for 
Cerebrospinal Visualization, J. A. M. A: 91:1609 (Nov. 24) 1928. 

23. Arnell, S.: Encephalography with Solution of Contrast-Salt, Acta radiol. 
13:43, 1932. 

24. Pieper and Klose, cited by Bruskin and Propper.?° 

25. Radovici, A., and Meller, O.: Encéphalographie liquidienne par le thoro- 
trast sous-arachnoidien, Rev. neurol. 1:479 (March) 1932; Essai de liquidographie 
céphalo-rachidienne ; encéphalo-myelographie par le thorotrast sous-arachnoidien, 
Bull. Acad. de méd., Paris 107:314 (March 1) 1932. 
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Jiingling ** in 1922 reported the use of oxygen in pneumography. 
His report, however, was chiefly concerned with the technic of injec- 
tion, and the use of oxygen as compared with the use of air was men- 
tioned only briefly. He noted no bad results, e. g., headache, vomiting 
or increase of symptoms, with the use of oxygen and expressed the 
opinion that sterile oxygen is preferable, because its use insures against 
infection and the gas is more quickly absorbed than air. 

Denk ** in 1923 also used oxygen. This author reported severe reac- 
tions following encephalography and relatively slight reactions following 
ventriculography, which method he therefore greatly favored. His 
use of oxygen was incidental, apparently, and was prompted more by 
the fear of air embolism in ventriculography than by any merit that 
oxygen as a gas might have over air. A controlled study of oxygen as 
an agent for encephaloventriculography was entirely lacking. No 
adequate comparison was made with the effect of air, reactions to it 
or the length of time it was present. 

Oxygen is being used experimentally in the neurosurgical clinic of 
Penfield and Cone in Montreal, with favorable results. Lessened reac- 
tions have been reported,** with a corresponding decrease in the neces- 
sary period of hospitalization from about four or five days to. three 
days. 

In April 1933 Liberson ** reported the use of air, carbon dioxide, 
nitrogen and helium in encephalography in man. He used a modifica- 
tion of the Bingel method, the transfer of gas and of spinal fluid in 
this closed system being effected by means of a double (a needle within 
a needle) lumbar puncture needle. Liberson expressed the opinion that 
this simultaneous replacement saved the patient considerable shock and 
discomfort. Previous to injection, the gas was passed through water 
baths to free it from all possible dust. The author expressed the 
belief that this somewhat lessened the reaction after the injection. By 
the use of this method the injection of air in no case caused shock 
requiring treatment, and there were no fatalities in 210 cases. Head- 
ache, however, was almost always present, being constant and severe 
for from five to six hours and persisting in less severe form for from 
one to four days. Carbon dioxide was used in 3 cases. Because of 
its great solubility in spinal fluid Liberson was forced to mix the 


26. Jiingling, O.: Zur Technik der Sauerstoff-fiillung der Hirnventrikel zum 
Zwecke der ROntgendiagnostik, Zentralbl. f. Chir. 49:833 (June 10) 1922. 

27. Denk, W.: Ueber Encephalographie und ihre Ergebnisse, Ztschr. f. Arztl. 
Fortbild. 20:426, 1923. 
_ 28. Jones, O. W.: Personal communication to the author. 

29. Liberson, F.: Use of Various Gases in Encephalography: Summary of 
Two Hundred and Ten Cases, Using Simultaneous Displacement Apparatus, Am. 
J. M. Se. 185:478 (April) 1933. 
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carbon dioxide with air, and he concluded: “The calculation of the 
relative amounts of air and CO, necessary to maintain proper pres- 
sure relations after withdrawing the spinal fluid was so difficult as to 
make the method impossible. The reactions were severe and served 
to emphasize the necessity of using insoluble gases to replace the 
spinal fluid.” He next used nitrogen, and in about 40 patients he 
obtained more promising results. He noted that in most cases headache 
was less severe than it was following the use of air but stated: “The 
difference between nitrogen and air, however, cannot truthfully be said 
to be very striking.” Finally, helium was used in 12 cases. With the 
use of this gas the author reported that headache was “almost uni- 
formly less severe than with the other gases” and that the results were 
“encouraging.” He stated: “In conclusion . . . nothing sub- 
stantial has been found to obviate the discomforting post-injection 
headache. The displacement of the cerebrospinal fluid by gases other 
than air holds a little promise for less severe reactions, but headaches 
of moderate severity are still present in almost every case.” 

In this review the work of Laruelle *° might also be mentioned; 
in 1931 Laruelle reported the use of small amounts (from 5 to 15 cc.) 
of air, with the idea of avoiding the ill effects and dangers of the usual 
injection of air. He believed that such small injections were usually 
adequate from a diagnostic standpoint. However, most authors have 
agreed with Grant,** who stated: “But by far the larger number of 
the mistakes and failures accurately to localize the lesion have been 
due to incomplete filling of the ventricular system with air.” 


THEORETICAL CONSIDERATIONS 


The ideal method of demonstrating the ventricular system would 
be one which would require no more trouble than that involved in 
making roentgenograms of the skull. Such a possibility has indeed been 
suggested by Dr. Naffziger,** who pointed out that the peculiar prop- 
erties of neutrons, in being blocked by water and yet penetrating more 
dense substances, might conceivably be used for this purpose. However, 
further investigation ** revealed that the blocking effect is an atomic 
mechanism, the light atoms such as hydrogen and oxygen being more 
effective than those of calcium, etc. When it is remembered that the 
tissue of the brain is about 84 per cent water and that the remainder 
is composed chiefly of lipoids, made up almost entirely of the light 


30. Laruelle, L.: Le repérage des ventricules cérébraux par un procédé de 
routine, Presse méd. 39:1888 (Dec. 23) 1931. 

31. Grant, F. C.: Encéphalographie et ventriculographie, Rev. neurol. 2:370 
(Oct.) 1931. 

32. Naffziger, H. C.: Personal communication to the author. 

33. Lawrence, Ernest: Personal communication to the author. 
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atoms, hydrogen, carbon and oxygen, the contrast conceivably obtain- 
able by this method, e. g., between the ventricles filled with cerebro- 
spinal fluid and the surrounding brain, probably would be inadequate. 
Other considerations such as the present insufficient production of 
neutrons and their unknown biologic destructiveness and photo-activity 
prevent the experimental trial of this idea, at least for the present. 

Another method only slightly less ideal would be the discovery of 
a radiopaque agent which on intravenous injection would be concen- 
trated in the ventricular spaces, such as tetra-iodophenolphthalein in 
cholecystography or iso-iodeikon in urography. Since, as suggested 
by Mestrezat ** and more recently emphasized by Fremont-Smith and 
his various co-workers,®* cerebrospinal fluid is a dialysate in osmotic 
equilibrium with the blood plasma and is analogous to the intercellular 
fluids rather than a true secretion such as bile,** a concentration of any 
agent in the ventricles seems unlikely. On the contrary, widespread 
distribution in intercellular fluids, as well as elimination by the kidneys, 
etc., would probably operate to dissipate effectively such an injection 
of dye. Such an intercellular distribution of the cerebral tissues of 
loose texture would further tend to obscure any contrast between the 
ventricles and the surrounding brain. Finally, the possibility of a con- 
centration of a radiopaque dye in the cerebrospinal and intercellular 
fluids which would be sufficient to give an adequate contrast shadow 
between them and yet be nontoxic seems highly unlikely. 

The injection of radiopaque fluids into the ventricles has been con- 
sidered already, and the limitations of this method need not be stressed 
further. 

Attention, then, may be limited to the more practical method of 
replacing the cerebrospinal fluid by gases. 


34. Mestrezat, W.: Le liquide céphalo rachidien, milieu intérieur de J’orga- 
nisme, Rev. neurol. 1:64 (Jan.) 1927. 

35. Fremont-Smith, F.: Nature of Cerebrospinal Fluid, Arch. Neurol. & 
Psychiat. 17:317 (March 1927). Fremont-Smith, F., and Forbes, H. S.: Intra- 
Ocular and Intracranial Pressure: Experimental Study, ibid. 18:550 (Oct.) 
1927. Fremont-Smith, F., and Karbie, L. S.: The Intracranial Pressure in Health 
and Disease, Baltimore, Williams & Wilkins Company, 1927, chap. 7. Fremont- 
Smith, F., and Dailey, M. E.: The Effect of Protein Concentration upon the 
Chloride Equilibrium Between Plasma and Cerebrospinal Fluid, J. Pharmacol. & 
Exper. Therap. 27:255, 1926. 

36. The concentration of such agents as iso-iodeikon in glomerular filtrate, 
which bears some analogy to cerebrospinal fluid and intercellular fluid,*5 would 
not be possible in the cerebral ventricles, since the concentration in the kidneys is 
effected by the tubular absorption of the salts essential for the maintenance of the 
body economy along with sufficient water to keep these salts in isotonic solution. 
The unabsorbed waste products and dye thus left in concentrated form escape to 
the renal pelvis as urine. 
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From theoretical considerations it would seem possible that a gas 
more suitable than air might be found for encephaloventriculography. 
The ideal, of course, would be a gas which would give roentgen results 
comparable to those gained with air and yet involve no more distress, 
shock or outlay of time and expense than would be incident to the 
necessary mechanical methods of effecting the injection, namely, lum- 
bar puncture or incision of the scalp and making holes in the skull 
with a bur with the use of local anesthesia. A gas approaching this 
ideal should be nonirritative, entirely safe and easy to handle; it should 
fill and outline the ventricular and subarachnoid spaces and give a good 
contrast shadow for roentgen study; it should cause little or no imme- 
diate reaction and a minimum degree of shock, and it should be absorbed 
within a few hours, so that increased pressure and other possible ill 
effects of its prolonged presence might be avoided. 

If, in addition to these points, the agent were of such a nature that 
it would have a sedative or narcotic effect, it would approach even 
closer to the theoretical ideal, since such an effect might conceivably 
overcome much of the pain and distress incident to the procedure. 

It occurred to me that an anesthetic gas might qualify as the desired 
agent. Since only a limited amount of gas can be injected and since 
this is relatively inert except as absorbed, it seemed conceivable that 
even strong anesthetic gases might prove safe, any sedative or narcotic 
effect being the result of its absorption and concentration in the cen- 
tral nervous system. Also, the local effect of such a gas on the nerve 
tissues with which it was in direct contact might be to deaden them and 
abolish noxious reflexes, in contrast to the effect of ordinary gases. 
The handling of the gas and the roentgen results would be comparable 
with those achieved by the use of air. The duration of its presence 
would depend on such factors as its rate of diffusion and solubility in 
the spinal fluid and in the lipoids. The investigation of such a possi- 
bility seemed worth while. 

METHOD 

The method developed for this investigation, as well as some of the preliminary 

results, have already been reported briefly.**7 Encephalography, because of its 


comparative simplicity, was favored over ventriculography as the method of choice 
for this investigation. 

Preliminary tests were carried out on cats. Their bony skulls and small 
ventricles proved a great handicap from the standpoint of obtaining satisfactory 
roentgenograms. Dogs were much more satisfactory and the work to be reported 
was based entirely on their use as laboratory animals. 

After early trials, suboccipital puncture was discarded in favor of lumbar punc- 
ture, the latter proving safer and allowing more free manipulation of the head, 


37. Aird, R. B.: Experimental Encephalography with Anesthetic Gases, Proc. 
Soc. Exper. Biol. & Med. 31:715, 1934. 
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done to aid the drainage of cerebrospinal fluid. However, a few tests carried out 
by cisternal puncture for later special studies will be reported. 

Because repeated punctures on the same animal were desirable from an economic 
standpoint as well as for the sake of comparing more adequately the effects of the 
various gases, simple lumbar laminectomy was performed on each of the dogs to 
facilitate the punctures. Punctures were not attempted until the laminectomy 
wounds were well healed, usually not before three weeks following the operation. 

‘ To secure the animal in a comfortable position which was satisfactory for 
lumbar puncture and also to give maximum access for manipulation and the obser- 
vation of reactions, a special table of simple construction was devised. It con- 
sisted of a floor hinged to a base, so that the animal, strapped on its side to the 
floor, could be tilted to any desired angle up to 45 degrees. Two side boards nailed 
to the floor gave support to the back and buttocks. A cut in the backboard allowed 
ample exposure about the lumbar area for punctures. With this table, the operator 
on one side could perform the lumbar puncture and injection of gas, while on the 
other side the attendant could watch the animal, rotate the head and chronologically 
record events. Theoretically, such a reclining posture is not as good as the vertical 
or sitting position for encephalography. However, it has been used with success 
in some clinics,** and in this work it proved satisfactory. 

At first, enough morphine was administered to deaden ordinary pain and keep 
the animal quiet but not sufficient to conceal the possible irritative or sedative 
effects of the injected gases. It was noted, however, that the deep state of anesthe- 
sia induced by some of the injected gases tended to paralyze the respiratory center. 
It thus became necessary to select a sedative which would not have the depressing 
effect of morphine on respiration. Phenobarbital was tried, but it proved rather 
unsatisfactory. A state of light anesthesia induced by sodium amytal finally 
proved satisfactory, and the major portion of the work was done with this sedative. : 
The dose necessary varied with the animal, but amounts varying from 22 to 32 mg. 
per kilogram of body weight were found satisfactory. With such doses the animal 
was quiet, good roentgenograms could be obtained easily, the injection of procaine 
hydrochloride and puncture of the meninges aroused the animal only briefly and 
yet reflexes, muscle tension and often a fair degree of consciousness remained, so 
that superimposed irritative or narcotic effects of the injected gases usually could 
be readily determined. 

A 10 milliampere dental roentgen ray machine *® with an automatic time con- 
trol gave satisfactory roentgenographic results. The automatic timer, kept constant 
for each dog, the use of one casette for the films and general standardization of 
the technic contributed to. give a good series of comparable roentgenograms. 
Single lateral views proved most satisfactory for visualization of the gas-filled 
ventricles and. seemed adequate for the comparative results essential in the study. 

The usual routine of encephalography was as follows: After the intravenous 
administration of sodium amytal and the making of an initial plate of the skull as 
a control, the dog was strapped on its side to the table described previously, and 
with aseptic technic and with local anesthesia a lumbar puncture was performed. 
The table was elevated, and intermittently between collections of spinal fluid the 
gas to be tested was injected slowly, by means of a syringe, into the subarachnoid 
spaces. Rotation of the head aided drainage. A three-way pet-cock attached to 
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38. Branch, C. D.; Cutler, E. C., and Zollinger, R.: Experiences with Enceph- 
alography, New England J. Med. 207:963 (Dec. 1) 1932. 

39. This was lent by the Department of Dental Research, Hooper Founda- 
tion, University of California Medical School. 
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the injecting syringe and connected by tubing to the controlling valve *® of the 
gas tank afforded a simple and convenient closed system for handling the gases. 
Replacement of the spinal fluid by gas was carried as far as possible, usually until 
bubbles returned through the needle. Then the needle was withdrawn, and another 
lateral roentgen view of the skull was made. If the ventricular outline appeared, 
other views were taken to follow the course of the injection. Throughout the 
entire procedure, pulse, respiration, color, reflexes and muscle tension were 
observed closely and recorded. 

With improvements in technic, standardization of routine and experience, this 
method proved satisfactory for determining the following information on the 
various anesthetic gases: (1) ease of handling; (2) early irritative effect; (3) 
sedative or narcotic effect; (4) after-effects, both immediate and late; (5) safety, 
and (6) roentgen results, including the time of absorption. 


OBSERVATIONS 


Repeated encephalograms were obtained in this manner on the same 
animal to compare under as nearly identical conditions as possible the 
effects of the various gases. The results obtained will be discussed 
briefly. The observations are summarized in table 1. 

An injection of air was initially performed in all animals as a 
standard by which the results obtained with the other gases could be 
compared. Aside from a few early, uncontrolled injections, thirty- 
eight controlled injections of air have been made in twenty-four dogs. 
In two of the dogs air was not seen in the roentgenogram on two dif- 
ferent trials, as well as in subsequent injections of gas, and therefore 
the animals were discarded. In three others air was not evident in one 
of two trials, and in a fourth there was questionable roentgen evidence 
of air in one of three trials. Seventeen of the animals were aroused 
as soon as the injection of air was started, and, except in four or five 
instances in which there was no apparent effect and in one instance in 
which the effect could not be judged, all were more widely awake at 
the end of the injection and were easily aroused by manipulation of the 
needle or by injection under pressure. Prolonged depression, char- 
acterized by obvious hypo-activity and distress on movement, was 
observed in all the thirty dogs showing successful filling. The head was 
usually held stiffly in one position (fig. 1), and movement of the ani- 
mal aroused an objecting whine. This reaction persisted ordinarily 
from one to three days. In seventeen animals followed by roentgen 
examination to determine how long the air remained, the average was 
slightly under a week, with extremes of from one to two days and 
from thirteen to fourteen days, depending on the initial degree of 
filling. The similarity of the experimental results to those found in 
encephalography in man seemed close in all respects. 


40. This was lent by the Certified Products, Inc., San Francisco. 
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3ecause the use of oxygen has been reported on favorably,”* is 
at present being used in at least one well known neurosurgical clinic 
and probably represents about as great an improvement over air as 
can be obtained with an ordinary gas, a few trials were made on dogs 
for the sake of comparison. Four injections were made in four dif- 
ferent animals. Rather marked irritation resulted in two; no apparent 
effect was observed in a third, and the fourth was too deeply under an 
initial narcosis for one to tell what the effect was. Good roentgen 
results were obtained, the gas remaining for approximately one day. 
In one dog a suggestive depression, such as follows the use of air, 
persisted for nearly two days. 

Ether, di-vinyl oxide *' and ethyl chloride may be dismissed as 
being too dangerous for the purposes of encephalography. Di-vinyl 
oxide and ether required special heating coils to volatilize ** them to 
body temperature before injection. Ethyl chloride alone remained 

















Fig. 1—Postinjection depression exhibited thirty hours after air was injected. 


unabsorbed sufficiently long to make it practical from the standpoint of 
roentgenography. The immediate irritative effect of these gases was 
marked, and their injection was followed by rapid and deep anesthesia 
tending to induce respiratory paresis. Paresis of the hindleg, which 
required several days to clear, followed the injection of di-vinyl oxide 
and ether gas in an unusually high percentage of the animals. 

Vinyl chloride,** used five times in four dogs, elicited a marked irri- 
tative reaction throughout the period of injection in all instances. The 
pulse and respiratory rates were strikingly affected, being raised to 

41. Leake, C. D.; Knoefel, P. K., and Guedel, A. E.: Anesthetic Action of 
Divinyl Oxide in Animals, J. Pharmacol. & Exper. Therap. 47:5 (Jan.) 1933. 
The preparation was obtained through the courtesy of Dr. Randolf T. Major, 
director of the laboratory of pure research, Merck & Company. 

42. The boiling points are given in table 5. 

43. Patty, F. A.; Yant, W. P., and Waite, C. P.: Acute Response of Guinea 
Pigs to Vapors of Some New Commercial Organic Compounds, Pub. Health. 
Rep. 45:1963 (Aug. 22) 1930. The gas was obtained through the courtesy of 


Dr. C. D. Leake, Department of Pharmacology, University of California Medical 
School. 
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unusually high levels. In one animal the pulse rate rose to 190 and the 
respiration became greatly depressed and at one time almost stopped. 
Cyanosis appeared. There was a complete loss of muscular tone and 
reflexes. Recovery occurred in twenty minutes. Apparently this gas 
must also be classed as dangerous. The foregoing reaction, in addition 
to its marked irritative effect and brief presence in the ventricles (table 
1), precludes its use in encephalography. 

The nontoxicity, low solubility and rapid and excellent narcosis of 
acetylene ** suggested that it might prove a desirable gas for encephal- 
ography. A tank of commercial acetylene, like that used for welding, was 
rented, and without purification the gas was injected six times in four 
dogs. In spite of the fact that the unpurified gas was used, no irritative 
reaction was observed in any of the animals. The reaction to the 
injection was not remarkable. The pulse rate usually rose a little, and 
respiration, except in one dog, either was not affected or was decreased. 
The animals became more quiet and relaxed, and fairly definite anes- 
thesia, which lasted about twenty minutes, was obtained in three ani- 
mals. In one of the other three dogs, a sedative effect was definitely 
obtained, while in two, such an effect was questionable. The roentgen 
results, however, were disappointing. The gas disappeared in less than 


half an hour, and its value for the purpose of encephalography therefore 
seems questionable. 





Cyclopropane ** was injected four times in three animals, with suc- 
cessful filling of the ventricules in each instance. The gas remained 
present about one day. A questionable sedative effect was obtained in 
one animal. Irritation on injection was observed in two of the dogs 
(tables 1 and 4). Although this gas is apparently a great improvement 
over air and is probably superior to oxygen, it seems definitely inferior 
to either ethylene or nitrous oxide, the observations on which will be 
discussed in the next paragraphs. 





44. Gauss, C. F., and Wieland, H.: Ein neues Betaubungsverfahren, Klin. 
Wehnschr. 2:113 (Jan. 15) ; 158 (Jan. 23) 1923. Wieland, H.: Acetylene Anaes- 
thesia, Brit. J. Anesth. 2:142 (Jan.) 1925. Mallebrein, O., and Maier, J. H.: 
Zweitausend eigene Narzylenbetaubungen, Deutsche med. Wehnschr. 51:1521 
(Sept. 11) ; 1567 (Sept. 18) 1925. Goldman, J. D.: Conclusions from Extended 
Experiments with Nitrous Oxide, Acetylene, Ethylene, Oxygen Anaesthesias, 
Anesth. & Analg. 7:219 (July-Aug.) 1928. 

45. (a) Henderson, V. E., and Lucas, G. H. W.: Cyclopropane: New Anaes- 
thetic, Anesth. & Analg. 9:1 (Jan.-Feb.) 1930. (b) Henderson, V. E., and 
Johnston, J. F. A.: Anesthetic Potency in tHe Cyclo-Hydrocarbon Series, J. 
Pharm. & Exper. Therap. 42:257 (July) 1931. The preparation was obtained 
through the courtesy of the Shell Development Company, Emeryville, Calif. The 
gas is manufactured by the Ohio Chemical Company, Cleveland. . 
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Ethylene *° and nitrous oxide may be considered together, since the 
results obtained with them were similar. The quick, easy induction, 
the nontoxicity, the excellence of anesthesia and the rapidity of recovery 
obtained with them as general anesthetics recommend both for trial. 
Ethylene was used twenty-six times in twelve different dogs, and 
nitrous oxide, twenty-two times in eleven dogs. Irritation, possibly 
attributable to the injection of these gases, was noted in a few instances, 
but it was slight and usually was followed by a sedative effect. The 
narcotic effect of ethylene seemed a little more intense than that of 
nitrous oxide. In all forty-eight injections no alarming symptoms 
were observed, even though the injections were carried as far as pos- 
sible in all cases. The roentgen results were satisfactory, with nitrous 
oxide remaining present approximately one hour, and ethylene, two 
hours. Because of the nonirritative action, the safe sedative effect, the 
lack of after-effects and the good roentgen results obtained with these 
gases, additional studies were carried out. 


FURTHER SPECIAL STUDIES 

Cytologic and Pressure Reactions of Cerebrospinal Fluid to Atr, 
Nitrous Oxide and Ethylene—Following preliminary and incomplete 
studies of the cell reactions of cerebrospinal fluid to the injection of 
air, ethylene and nitrous oxide, a carefully planned series of injections 
in three animals was carried out, with a follow-up observation of the 
cell count and pressure reactions. 

In one series (dog 42) encephalography by the lumbar route was 
carried out with a sedative dose of morphine. In a second series (dog 
66) encephalography was carried out by the lumbar route after a 
sedative dose of sodium amytal. In the third animal (dog 45) injection 
by the cisternal route was carried out, with the animal under sodium 
amytal anesthesia. Also, for the sake of comparison, an injection of 
nitrous oxide was made in this animal by the lumbar route after a 
morphine sedative was given (table 3). Determinations of the cell 
count and pressure of the cerebrospinal fluid were made before the 
injections and were repeated (by simple lumbar puncture, with the 
same sedative or anesthetic, respectively) on the first, third and seventh 
day following the injections. 

With these same routes, an initial control series of tests was made 
on each animal, the cell and pressure reactions being followed without 
an injection of gas. Moderate cell counts were obtained in the two 
animals on which puncture shad been done by the lumbar route one or 


46. Gwathmey, I. T.: Anaesthesia, ed. 2, New York, The Macmillan Com- 
pany, 1924, p. 711. The preparation was obtained through the courtesy of the 
French Oxygen Co., San Francisco. 
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two days previously. The cell count was normal in both auimals within 
four days. The cell counts were within normal limits in the animal on 
which puncture had been carried out by the cisternal route, regardless 
of the time of the preceding puncture (table 2). 

The order of the injections of the gases was varied in the different 
animals. A complete second series of tests was made on one animal, 
which proved most suitable for the study (dog 42, lumbar route, with 
morphine sedative), the order of injections of gas being varied in the 
repeat series. 

The results of these studies are shown in table 2 
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Fig. 2.—Total cell count of the cerebrospinal fluid after encephalography with 
air, nitrous oxide and ethylene in dog 42. Injection was made by lumbar puncture 
with a morphine sedative. The ordinate indicates the total cell count and the 


abscissa the days after injection. Observations were as follows: 
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Injection Date Gas Roentgen Findings 
1 4/25 Ethylene Subarachnoid (cisterna magna) filling 
2 3/21 Nitrous oxide Slight ventricular filling (fig. 3) 
g* 4/4 Air Good ventricular filling 
4 5/ 2 Nitrous oxide Massive ventricular filling (fig. 4) 
5 5/16 Air Massive ventricular filling (fig. 6) 
6 3/28 Ethylene Massive ventricular filling (fig. 5) 


* The tap on the third day following injection 3 was slightly bloody. The value assigned 
is therefore ‘questionable. 


The solid line indicates the observations on the effect of air, the long dashes, 
those on nitrous oxide, and the short dashes, those on ethylene. 


Since lumbar punctures on dogs are at best somewhat difficult, red 
blood cells were looked for as a routine in all specimens of spinal fluid 
before the hemolyzing agent was added, and when they were found 
allowance was made in the white blood cell count on the basis of 1 
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white blood cell for each 500 red blood cells per cubic millimeter.*‘ 
Cell counts which were obscured by bloody taps were discarded except 
in two or three questionable instances, as indicated in the table, in 
which for the sake of an otherwise good series they were retained. 

The effects of the final two injections in dog 66 (air and ethylene ) 
appear abnormally prolonged (table 2), and, although the animal clini- 
cally seemed normal, it is possible that these last two injections stirred 
up a low grade meningitis sufficient to cause the abnormality noted in 
the cell count. 


Subarachnoid gas and good 


ventricular filling 











Since the number of punctures which can be performed satisfac- 
torily in any one animal is limited, adequate comparative studies are 
difficult. This difficulty is increased by the fact that comparable injec- 
tions of gas cannot be made as a routine and that, as may be determined 





slight ventricular filling 





5/18 








Fig. 3 (dog 42).—Slight ventricular filling with nitrous oxide. 








from the data presented in table 2, the cell reaction varies considerably 
with the degree of filling, regardless of the type of gas used. This is 
more clearly demonstrated in dog 42, in which different fillings of the 
same gas (nitrous oxide) corresponded roughly with the cell reactions 
produced. The roentgenograms in figures 3 and 4 may be compared 
with the corresponding total cell counts (table 2 and fig. 2). Only a | 
large series of observations would overcome these difficulties and afford 


No gas ipjecteu 













i 
: fm - ee 
| conclusive comparison. Hi 
5 | The limited series presented, however, is of considerable interest a 
3 | in the comparison of comparable fillings (i.e., roughly equal as checked i. 
= : , 4 
& ) 47. The blood count in the dog is essentially the same as that in man. The Ph 
S| use of this ratio of 1 white blood cell per 500 red blood cells is supported by the et 
2 recent work of Solomon, Dailey and Fremont-Smith (Contamination of Cerebro- i 

spinal Fluid by Blood, Arch. Neurol. & Psychiat. $1:1222 [June] 1934). 1a 
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Fig. 5 (dog 42).—Massive ventricular filling with ethylene. 
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by roentgenogram) of the same animal. Thus, in figures 4, 5 and 6 
are shown roughly comparable fillings in dog 42, with nitrous oxide, 
ethylene and air, respectively. These may be compared with the cor- 
responding total cell reaction shown in figure 2. Air and nitrous oxide 
apparently produce about the same degrees of reaction in the cerebro- 
spinal fluid and less than that produced by ethylene. 

Another suggestive finding was the somewhat prolonged reaction to 
air, which corresponds with its known slower absorption. In four of 
five tests with nitrous oxide and in two of three tests with ethylene (the 
third being that in dog 66, which, as explained, should probably be 
discarded), the cell count had returned essentially to normal in seven 

















Fig. 6 (dog 42).—Massive ventricular filling with air. 


days. With air, on the other hand, the counts remained slightly more 
elevated and did not reach normal for about ten or more days. This 
greater, prolonged reaction to air is even more apparent when com- 
parable fillings in the same animal are studied. In table 2 and figure 2 
are shown the total cell reactions to “massive” fillings of the various 
gases in dog 42. 

The differences between the reactions of the cells following the 
injections of nitrous oxide in dog 45 by the lumbar and cisternal routes 
are interesting (tables 2 and 3). Slight ventricular fillings were obtained 
in both instances. 


Cytologic and Pressure Reaction of the Cerebrospinal Fluid to 


Cyclopropane and Oxygen.—Similar studies were made of the spinal 
fluid of three dogs which received injections of cyclopropane and of 
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four which had injections of oxygen (table 4). Although the results 
perhaps have not the same comparative significance as those of the 
carefully planned tests just described, it is of interest to note that the 
two good injections of cyclopropane caused peak cell counts of 1,511 
and 1,613, respectively, and that one of these counts was carried out 
on one of the same animals and under conditions comparable to those 
maintained in the well controlled series. The uniformly high counts 
obtained following the injection of oxygen are also noteworthy. 

The comparative peak cell counts shown in table 1 represent the 
reaction to maximal and roughly equal injections of gas as checked 
by roentgenogram but, for the reasons already given, must be regarded 
only as suggestive. 

No striking results were obtained in the observations on pressure. 
The changes were inconstant, and pressures lower as well as higher 
than the presumed normal were found after the injection of various 


TABLE 3.—Observations on Dog 45 After Lumbar Encephalography with Nitrous 
Oxide by Puncture with a Morphine Sedative 


Differential Cell Count, 
Percentage 
~A 


Poly- 
Total morpho- Lympho- Mono- 
Data Cells nuclears cytes cytes Pressure 
Data on cerebrospinal! fluid.. 3/28 5 49 Pe ae 60 175 
3/29 1,086 71 13.5 15.5 165 
3/31 135 40 20 40 150 
4/4 64 10 15 75 138 
Roentgen findings....... Subarachnoid gas and slight ventricular filling 


gases. Although the majority of tests suggest a rise of spinal fluid 
pressure following the injection of gas, no satisfactory correlation can 
be made either with respect to the time of injection or with respect to 
the type of gas injected. Such uncontrolled variants as the degree of 
narcosis and the disturbance caused by puncture seem the most likely 
explanations of the inconstant results obtained. 

Ditterential cell counts revealed an early polymorphonuclear leuko- 
cyte reaction, which persisted usually past the third day after the 
injection. Mononuclear cells were usually in predominance by the 
seventh day. The type of gas used apparently caused no characteristic 
differential cell reaction. 

Pathologic Studies——Pathologic studies ** on the brain, cord and 
meninges were carried out on nine dogs following the repeated injections 
of air, nitrous oxide and ethylene. Three animals were used for each 


48. Prof. C. Connor and members of the department of pathology assisted in 
the preparation of the routine hematoxylin and eosin and prussian blue stains, 
and Dr. O. W. Jones, of the department of surgery, and Dr. J. F. Rinehart, of the 
department of pathology, gave advice and help. 
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of the three gases, two animals receiving three successive injections, and 
the third animal four injections. The injections were performed in the 
routine manner already described. Roentgenograms were made to check 
the actual presence of the gas. In the animals receiving nitrous oxide 
and ethylene the three injections were performed on consecutive days, 
and in the animals in which four injections were made the series of three 
followed an initial injection a month earlier. ‘These animals were killed 
on the first, second and third day, respectively, following the final 
injection. When air was used successive injections were carried out at 
weekly intervals, since the gas remained present so long, and the three 
animals were killed on the first, second and fifth day, respectively, after 
the final injection. The dog listed as being killed on the first day follow- 
ing the third injection of air actually died with acute signs of increased 
intracranial pressure (slow pulse and respiratory rates) two hours after 
the final injection of air. Hypertonic solution of dextrose was adiuin- 
istered intravenously without avail. Immediate autopsy revealed a 
bulging, tense dura, flattened cortical convolutions and internal hydro- 
cephalus, with obliteration of the normal lateral and third ventricles to 
form one large cavity in the middle of the brain. Hydrocephalus in 
this animal had been diagnosed by encephalography before death. In 
spite of this striking abnormality, the animal appeared normally intelli- 
gent and cooperative. However, in view of its abnormal condition, the 
death of this animal cannot be attributed, unreservedly, to encephalog- 
raphy carried out with air.*® 

The animals were killed by the intracardiac injection of air. The 
brain, meninges and cord were removed and fixed in Cajal’s solution.*° 
Sections were cut to show the frontal cortex, the cortex in the region 
of the sylvian fissure, the wall of the ventricle, the cerebellar cortex 
and the middle portion of the cervical and lumbar segments of the cord 
in each animal. Routine hematoxylin and eosin stains were made of all 
sections, and sections were stained by Hortega’s silver carbonate 
method * and Cajal’s gold chloride sublimate method™ in a few 
instances in which questionable pathologic changes were noted. 

The observations in each instance for all gases were within the 
limits of normal. Even in the dog that died following air encephal- 
ography hemorrhagic or inflammatory changes were not noted in the 
brain, cord or meninges. 








49. An intermittent block mechanism at the aqueduct of Sylvius seemed the 
most likely explanation to account for the old hydrocephalus, successful encephalog- 
raphy on two occasions and final acute block following the third injection of air. 

50. The formula is: solution of formaldehyde 40 per cent, 300 cc.; ammonium 
bromide, 40 Gm., and distilled water, 1,720 cc. 

51. Penfield, W., and Cone, W.: Neuroglia and Microglia, in McClung, C. 
E.: Handbook of Microscopical Technique, New York, Paul B. Hoeber, Inc., 
1929. 
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COMMENT 

It is interesting to correlate the effects obtained by the encephalog- 
raphic injection of the gases used (table 1) with their known physical 
and physiologic properties (table 5). It may be seen, for instance, that 
the time each gas remains in the ventricles roughly corresponds to its 
solubility. In a rough way, the combined factors of anesthetic power 
and solubility seem to be the factors which determine the narcotic effect 
of these gases following injection into the subarachnoid space. Thus, 
the weaker and more insoluble gases (acetylene, ethylene and nitrous 
oxide) have only a limited effect, while the more potent and soluble 
anesthetics (ether, ethyl chloride and vinyl ether) cause profound and 
dangerous anesthesia. 

Irritation and residual paresis might conceivably be associated with 
fat solubility, the more fat-soluble gases producing destructive changes 
at the site of injection. This correlation does not seem to be borne out, 
however, as may be seen in the effects of ether and di-vinyl ether as 
compared with those of ethylene and cyclopropane. 

A rate of absorption faster than the elaboration of cerebrospinal 
fluid to replace the absorbed gas might conceivably produce an unde- 
sirable effect. Liberson *® explained his unfavorable results with 
encephalography carried out with carbon dioxide in this way, i.e., as 
a too rapid absorption of carbon dioxide in the cerebrospinal fluid. With 
carbon dioxide, at least, other factors, such as possible disturbance of the 
acid-base equilibrium in the central nervous system or the convulsive 
reactions noted by Leake and Waters ** with certain proportions of 
carbon dioxide and oxygen, should be considered. 

In the present experimental work no such ill effects were observed. 
Spells of restlessness with whining and struggling followed some of 
the injections, particularly those of air and acetylene, but it is scarcely 
logical to attribute this to the rate of absorption, for although acetylene 
is one of the more rapidly absorbed gases, air is by far the most 
slowly absorbed. The known fairly rapid rate of formation of cere- 
brospinal fluid, as well as the lack of ill effects with constant drainage 
of the fluid, further argue against such a possibility. 

It is interesting to note, in addition, that in water solubility both 
nitrous oxide and ethylene lie between carbon dioxide, reported by 
Liberson to be too rapidly absorbed, and oxygen, which has been used 
successfully and has been found superior to air. Other common non- 
anesthetic gases which might conceivably be used for trial in this study 
have solubility rates approximately or less than that of oxygen. Such 
organic gases as ethane and methane, besides possessing questionable 


52. Leake, C. D., and Waters, R. M.: Anesthetic Properties of Carbon 
Dioxide, Anesth. & Analg. 8:17 (Jan.-Feb.) 1929. 
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toxic and narcotic properties, also have about the same water solubility 
as oxygen. Thus, from the standpoint both of optimal absorptive rate 
and of safe sedative effect, nitrous oxide and ethylene stand out as the 
logical gases for trial in encephalography and ventriculography in man. 
This work, indeed, has already been started and will be the subject 
of a later report. 


SUMMARY AND CONCLUSIONS 


A satisfactory method has been developed for testing and comparing 
the effect in dogs of various gases used in encephalography. 

Injections of air, for control observations, have given results in dogs 
comparable in all respects to the results obtained clinically in human 
beings. 

Ethyl chloride, di-vinyl chloride, ether, vinyl chloride, and acetylene 
proved unsatisfactory for encephalographic use, the first three being 
decidedly dangerous. 

In limited series the effects of oxygen and those of cyclopropane 
appeared to be comparable to each other and definitely superior to 
those of air. 

Because of their safety, good roentgenographic results, minimal 
irritation, definite sedative effect and lack of ill effects either clinically 
or pathologically, nitrous oxide and ethylene seem ideal agents for 
encephalography. 
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THE SURGICAL TECHNIC OF TOTAL 
PNEUMONECTOMY 


WILLIAM FRANCIS RIENHOFF Jr. M.D. 


BALTIMORE 


Since the publication two years ago of the operative technic 
employed in the total removal of the lung,’ changes have been made 
from time to time not only in the actual surgical procedure but also 
in the preoperative preparation of the patient, in the method of admin- 
istration and the type of anesthesia and in the postoperative care and 
observation. In this report only brief reference will be made to other 
than the actual surgical technic. It should be stated, at the outset, that 
the series of cases from which my impressions have been deduced, 
though relatively large, is actually small, so that definite conclusions 
cannot be drawn at this time, and it is preferable that the experiences 
to be related should be regarded for the time being as suggestions, as 
the surgical treatment of diseases of the lung is still in its infancy. 
That total pneumonectomy has passed the stage of the purely imaginary 
and experimental must be admitted, because of the number of such 
operations already successfully performed. Without exaggeration it 
may be stated that resection of an entire lung seems to be a feasible 
operation which has proved itself worthy of a place among the recog- 
nized, technically safe procedures. It might also be concluded that the 
immediate and remote mortality, as well as the postoperative incapaci- 
tation following this operation, will compare favorably with the results 
of surgical procedures employed for the eradication of tumors of the 
viscera elsewhere in the body. 

The main objects of this paper are, first, to present for consideration 
certain improvements in the surgical technic of total removal of the 
lung and, second, to refer briefly to the preoperative preparation and 
the postoperative care of patients on whom total pneumonectomy has 
been performed. 

From the Department of Surgery of the Johns Hopkins University and 
Hospital. 

1. Rienhoff, W. F., Jr.: Pneumonectomy: A Preliminary Report of the 
Operative Technique in Two Successful Cases, Bull. Johns Hopkins Hosp. 53:390 
(Dec.) 1933. Rienhoff, W. F., Jr., and Broyles, E. N.: The Surgical Treatment 
of Carcinoma of the Bronchi and Lungs, J. A. M. A. 103:1121 (Oct. 13) 1934. 
Technique of Total Pneumonectomy and Lobectomy, Proc. Inter-State Post-Grad. 
M. Assembly North America, 1934. Discussion on Archibald, E.: Technique 
of Total Unilateral Pneumonectomy, Tr. Am. Surg. A. 52:79, 1934. 
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MATERIAL 


The series constituting the material from which this report is made is com- 
posed of ten cases in which total pneumonectomy has been performed and twenty 
others in which, because of the extent of the disease process, it was impossible to 
remove the whole lung. The latter group, however, provided many opportunities for 
the improvement of the surgical technic and for observation of the immediate results 
of certain procedures. Of the former group of ten cases in which complete pneu- 
monectomy has been accomplished, in four the operation was performed on the 
right side and in six on the left. Eight of the ten patients were operated on for 
tumor of the lung and two for unilateral tuberculosis. In this group there has 
been one immediate operative death due to diffuse lobular pneumonia resulting 

, fatally on the fifth day ; three patients died later, one six months later of metastases 
to the brain, another after three months of tuberculosis of the remaining lung and 
the third six weeks after operation of pulmonary embolism. Excepting the patient 
who succumbed to tuberculosis, the other three died in the hospital, thus providing 
me with the opportunity to study the interesting intrathoracic anatomic readjust- 
ments, which could be compared with certain clinical findings, as well as a series 
of roentgenograms made at regular intervals until just before death. Of the 
remaining six patients -who are alive, it has been possible to study the clinical 
course at frequent intervals because they are nearby residents of Baltimore. 


PREOPERATIVE PREPARATION 


The preoperative preparation of the patient is of the greatest 
importance to insure stabilization of the pulse and blood pressure dur- 
ing the operation and successful primary healing of the bronchus, 
together with subsequent obliteration of the remaining dead space. The 
preparation consists, first, in producing if possible a complete collapse 
of the lung by gradually induced pneumothorax. In this manner the 
cardiorespiratory mechanism is stabilized, and the patient becomes accus- 
tomed to breathing with one lung. The main portion of the circulation 
through the pulmonary aorta is forced to pass through the contralateral 
rather than through the collapsed lung. This diminishes the possibility 
of circulatory disturbance following the immediate ligation of the pul- 
monary artery on the affected side and, furthermore, seems to prevent 
the shock associated with the opening of the pleural cavity, because 
the patient has become used to an intrathoracic pressure slightly greater 
than atmospheric pressure. Thus, when the chest is opened at the 
time of operation there is no embarrassment from the effect of a tem- 
porary open pneumothorax. Second, for over two years it has been my 
custom to produce an inflammation of the parietal and visceral pleura in 
order to incite a serofibrinous pleurisy followed by the formation of 
granulation tissue. I have done this in the twenty-eight cases mentioned 
in this report and in twenty-four cases in which only partial pneumonec- 
tomy has been performed for bronchiectasis. As is well known, it is 
much more difficult, if at all possible, to infect a granulating surface or 
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at least to infect it to the extent that it will be invaded. As a result of 
this lining of granulation tissue, in the whole series of fifty-two cases 
not one instance has occurred of generalized empyema or invasion of 
the mediastinum producing so-called mediastinitis. Furthermore, the 
defense mechanism, having been mobilized before the soiling of the 
thoracic cavity occurs, provides for the phagocytosis of bacteria which 
have contaminated the field after the operation, so that the reconstructive 
fibrinous exudate which precedes the formation of a space-occupying 
labyrinth of fibrous tissue is not destroyed by or with the formation of 
pus. In every case of this series there has been deposited a gelatinous 
plasma clot which fills the entire remaining dead space, and in those in 
which a compensatory dilatation of the opposite lung or lobes thereof 
has not occurred this fibrinous mass has become organized and has 
served as a space-occupying fibrous tissue body which has obliterated 
the remaining unoccupied part of the thoracic cavity. The details of 
this type of preoperative preparation of the thoracic cavity and its 
advantages will appear in a later issue of the Bulletin of the Johns 
Hopkins Hospital. 
SURGICAL TECHNIC 

In previous communications attention was first directed to the obvi- 
ous anatomic advantages of a high anterior approach over the hilus 
when total removal of the lung is contemplated. In the early cases of 
this series the surgical technic was carried out as described in the first 
reports, namely, by intrapleural dissection and individual ligation of 
the pulmonary artery and veins and closure of the bronchus. In the 
later cases, however, this technic has been somewhat changed, and it is 
to this alteration that attention is especially directed, because it is a 
valuable adjuvant in facilitating the removal of the lung. The technic 
for the right and that for the left side are discussed individually. For 
the benefit of those not familiar with the anterior approach in contra- 
distinction to the posterior approach, used previously to 1934, the entire 
surgical procedure is described in detail. 

It was soon recognized that proper exposure of the lung could be 
obtained without resorting to the resection of ribs, and at the same 
time the length of the operation was shortened and postoperative con- 
valescence was accelerated and ameliorated. In the entire series of 
thirty cases adequate exposure has been obtained by making an antero- 
lateral incision in the third interspace (fig. 14) and then separating 
the ribs by means of a self-retaining retractor. It is to be noted that 
this incision may be made below the line of the nipple and should be 
carried from the parasternal line in front to the anterior axillary line 
laterally ; if more exposure is desired, it can be continued posteriorly, 
hut it has not been found necessary in this group of cases to exceed the 
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limits previously described. The fibers of the pectoralis major muscle 
are divided along their course, and in only a few instances has it been 
found necessary to cut across them. However, this entails no difficulty 
or impairment of the postoperative function of the muscle. The inci- 
sion in the internal intercostal muscles is made midway between the 
third and the fourth rib, so as to avoid the intercostal vessels, and the 


pleural cavity is opened as speedily as possible, with. practically no loss 





mediastinal pleura retracted 






ea 








| mediastinal pleura incised over It. pul. ark 


Fig. 1—A shows the position of the patient on the table during pneumonectomy 
on the left side. An incision is made anteriorly in the third interspace. This posi- 
tion allows full expansion of the opposite lung. B shows exposure of the medi- 
astinal surface of the upper lobe of the left lung. The anterior margin is laid back. 
The mediastinal pleura is incised, exposing the pulmonary artery. In C below 
the scissors may be seen the pleural mediastinal reflection. The pericardial reflec- 
tion is shown as it blends with the mediastinal pleura after reflection off the sys- 
temic and pulmonary aortas. 





of blood. It is surprising how extensive an exposure of the entire 
pleural cavity can be obtained by mere retraction of the third and fourth 
ribs. Occasionally, disarticulation of the third or fourth rib at the 
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costochondral junction will occur, but this has brought about no bad 
results either at the time or after operation. In each case in which 
separation had been caused, the reunion of the rib to the cartilage took 
place before the patient was discharged from the hospital. As shown 
in figure 1 B, the lung completely covers the hilus on its anterior and 
superior surfaces, coming in contact on both the right and the left side 
with the mediastinal pleura, and when this lappet, which overlies both 
the right and the left pulmonary artery, is freed and retracted, the first 
anterior or ventral branches of the artery are revealed (fig. 1 C). 











—— ——— — - J 





Fig. 2—A is a diagrammatic sketch showing areolar tissue surrounding the 
posterior surface of the left pulmonary artery and the division of the pulmonary 
aorta into the right and left pulmonary arteries outside the pericardium. The 
first and second ventral branches of the left artery are also shown. B demon- 
strates reflection downward of the left pulmonary artery by gentle traction on the 
clamped stump of the ductus arteriosus. The point at which the obliterated strand 
is severed from the aorta can be seen as a small rough spot on the under-surface 
of the aortic arch. The index finger is passed under the left pulmonary artery 
with ease. Reflection of the pericardium is also shown. 


Resection of the Left Lung.—Particular attention is called to the 
fact that on the left side the intrapleural portion of the pulmonary 
artery is very short; indeed, it might be said that the branching of 
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the left pulmonary artery occurs almost immediately on its entrance 
into the pleural cavity. Three large anterior branches emerge to supply 
the upper, middle and lower portions of the superior lobe of the left 
lung (fig. 3A and C), while coursing below and immediately behind 
the primary bronchus is the large posterior branch. This vessel is diff- 
cult to expose and because of its relatively thin wall is very easily and 
unwittingly torn. The artery fans out, as it were, so that its large 
posterior and smaller anterior branches intimately embrace the ante- 


clamp on sh 














Fig. 3—In A the suprapericardial mediastinal space described in the text is 
well defined by the arch of the aorta, reflection of the pericardium, the bronchus 
posteriorly and the superior left pulmonary vein. The dotted line shows the point 
of election for ligation of the artery. The intimate association of the two anterior 
and the large posterior branches of the left pulmonary artery with the bronchus 
is demonstrated. B shows the point of extrapericardial ligation of the superior 
left pulmonary vein and artery, indicated by the tapes. Clamps have been placed 
on the anterior branches (1 and 2) to demonstrate the distribution of the large 
posterior branch in its relation to the left primary bronchus. The departure of 
the first branch from the large posterior one is shown. C shows the superior pul- 
monary vein ligated, exposing the bronchus. The tape marks the level at which 
the bronchus should be divided. This point is within the extrapericardial mediasti- 
nal space. The pulmonary artery is further pulled aside, demonstrating the 
breaking up of the posterior branch into the first two smaller divisions. 











224 ARCHIVES OF SURGERY 


rior, superior and posterior aspects of the primary bronchus. Its 
exceedingly short length between its emergence into the pleural cavity 
and the departure of those branches gives the operator very little room 
to free the main artery. The main point of danger is the dissection of 
the posterior surface of the artery from the anterior aspect of the 
bronchus, for it is here that the large posterior descending branch may 
be torn. Control of hemorrhage is also more difficult here than at any 
other point, because the vessels are literally entwined around the 
unyielding, stiff primary bronchus and can be clamped individually only 
by the greatest of good luck, the tip of the clamp usually grasping the 
rigid wall of the bronchus. When this happens, large amounts of tissue 
must be clamped and transfixed, and what might have been a methodical 
dissection is transformed into a rather crude amputation. Although 
apparently not generally appreciated, a much better exposure of the 
pulmonary artery on the left side may be obtained by incising the 
mediastinal pleura. As shown in figure 1 C, by using a blunt dissector 
the areolar tissue surrounding this portion of the pulmonary artery may 
be dissected away with ease. Running between the aorta and the 
superior surface of the left pulmonary artery, a small but weil defined 
bundle of white glistening tissue may be observed, the fibrous strands 
of the obliterated ductus arteriosus (fig. 1C), which, when divided 
and clamped, provides an excellent retractor, freeing the pulmonary 
artery from its attachment to the aorta and allowing it to be pulled 
down and somewhat rotated (fig. 2.4 and B). In this way the posterior 
surface of the left artery is revealed for a distance of 2.5 cm. from the 
point at which the pulmonary artery divides into the right and left pul- 
monary arteries to the coming off of the large posterior branch. 

It is to be especially noted that this space, which is the point of 
election at which to ligate the left pulmonary artery, in reality is extra- 
pericardial and in the superior mediastinum. It is bounded above by 
the arch of the aorta, behind by the primary bronchus of the left 
lung and the portion of the pericardial sac covering the left auricle 
and below by the superior left pulmonary vein, and it is roofed over 
by a small portion of the redundancy of the superior reflection of the 
pericardial sac but in the main by the mediastinal pleura. It contains 
the terminal portion of the pulmonary artery and almost the entire 
left and the beginning of the right pulmonary artery, as well 
as the lymphatic glands which lie on the anterior and lateral sur- 
face of the primary bronchus of the left lung. It is elsewhere 
filled with loose aerolar tissue. Dissection of this space permits 
of excellent exposure of the entire left pulmonary artery and 
its easy separation from the surrounding areolar tissue lying between 
it and the left primary bronchus posteriorly and the pericardial sac 
inferiorly. Occasionally a small opening may be made in the peri- 
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cardial reflexion, but this can be closed very easily. The separation of 
the left pulmonary artery in this space is much more easy of accom- 
plishment than dissection of the artery in the space of 0.5 cm. in which 
it lies free in the pleural cavity. Particularly is this true if a tumor 
is involving the hilus of the lung or extends high up into the bronchus. 
These circumstances often render it physically impossible to ligate the 
pulmonary artery intrapleurally and therefore leave the surgeon unable 
to cope technically with an otherwise operable condition, for in such a 
circumstance he is almost sure to tear either directly into the artery or 
into one of its branches. As there are no branches within this media- 
stinal space, the operator has only to separate gently the areolar tissue 
between the artery and its surrounding structures, such as the aorta, 
the bronchus and the superior posterior portion of the pericardial sac. 
In some instances this has been accomplished by a gentle maneuvering 
of the index finger, so delicate is this areolar tissue (fig. 2 B). 

The pulmonary artery divides just outside the pericardial sac about 
1.5 cm. proximal to the stump of the obliterated ductus arteriosus, and 
in this suprapericardial mediastinal space may be seen the beginning of 
the right pulmonary artery. After ligation of the left pulmonary artery 
the mediastinal pleura may be closed. The superior and inferior pul- 
monary veins can then be dealt with in the order named, as they are 
easily ligated within the pleural cavity, for the branches of both the 
superior and the inferior vein converge before they pass into the peri- 
cardial sac. In the space on the left side the bronchus also is easily 
exposed, and a high amputation is therefore made possible. In this 
series of cases the closure of the bronchus has not been difficult or. dis- 
appointing. The method employed has been as simple as possible, the 
closure of the bronchus being carried out in accordance with the general 
surgical principles that would apply to closing an incision in the skin. 
The cartilaginous ring is clipped circumferentially, and the bronchus is 
either ligated with an encircling ligature of double medium silk or 
sutured with interrupted double medium silk sutures. In only two of 
the ten cases have I experienced the slightest difficulty from the treat- 
ment of the bronchial stump, and this occurred in the second and fourth 
cases. In these cases a small opening appeared in the bronchus of the 
left lung, connecting it with a walled-off cavity which has persisted for 
over two years but has not caused the slightest embarrassment to the 
patient. In both of these cases the bronchus was closed well out in 
the pleural cavity and therefore depended on its own feeble granulation 
tissue for healing. In the later cases the bronchus has been ligated 
within the mediastinal space previously described, where the more vigor- 
ous granulation tissue of the surrounding areola is of undoubted value 
in the promotion of healing. No cauterization, either with the actual 
or with the chemical cautery, has been resorted to. The bronchial 
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stump has been amputated, and the closure has been made with the epi- 
thelial surfaces abutting each other, just as occurs in the suturing of 
the intestine or of the surfaces of the skin. It may be that the 
difficulties in the past in dealing with a secondary opening of the bron- 
chus were due to excessive traumatization from crushing, cauterization 
or widely spaced ligatures, with strangulation of the bronchial artery. 
Even in the patients with tuberculosis in whom the bronchus was 
divided, healing was per primam. Probably it would be advantageous, 
not only from the standpoint of giving the tumor a wide margin but 
also from that of guaranteeing secure closure, to amputate the bronchus 
as high as feasible, near the bifurcation of the trachea, for unquestion- 
ably the granulating surface about the bronchus becomes more vigorous 
and abundant if the stump is in contact with the mediastinal areolar 
tissue and pleura. There are numerous lymphatic glands which lie 
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Fig. 4—This diagrammatic sketch shows the stump of the hilus of the left lung, 
which has been dissected, with the vessels and the bronchus ligated individually. It 
will be noted that the bronchus is closed with interrupted silk sutures. This type 
of closure, with simple ligation of the artery and the vein, is considered the method 
of choice. 


about the bronchus and can be removed only after an exploration of 
this space (fig. 4). 

Resection of the Right Lung.—In total pneumonectomy on the right 
side, of which I have had four cases, the dissection is slightly different 
and somewhat more difficult than on the left side. The azygos vein is 
probably the best landmark for the beginning of the dissection. The 
mediastinal pleura is incised, and the areolar tissue, separating the right 
pulmonary artery from the azygos vein superiorly, the superior vena 
cava anteriorly and the superior pulmonary vein and the posterior wall 
of the left auricle inferiorly, is gently dissected (fig. 5B). The dispo- 
sition of the branches of the pulmonary artery on the right side differ 
to some extent from that on the left. Running alongside of the epar- 
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terial bronchus on the right side is the first ventral or anterior branch, 
while occasionally, a second anterior branch supplies the lower portion 
of the upper lobe of the right lung, after which comes the slightly more 
deeply situated branch to the middle lobe (fig. 5C). The tributaries 
to the superior pulmonary vein overlie the latter branch as well as the 
large posterior division of the artery, which is by far the largest of the 
four. However, on division of the superior pulmonary vein, which can 
be ligated with ease intrapleurally, the large posterior branch of the 
right pulmonary artery is exposed (fig. 5C). The difficulty of making 
an intrapleural ligation of the right pulmonary artery is at once appar- 
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Fig. 5.—A demonstrates the position of the patient on the table during pneu- 
monectomy on the right side. An incision is made anteriorly in the third interspace. 
B shows self-retaining retractors spreading the third and the fourth rib apart. 
The mediastinal pleura has been incised, and the right pulmonary artery and the 
right superior pulmonary vein are exposed. The azygos vein is shown at the level 
of the bifurcation of the trachea. The right primary bronchus is seen just below the 
azygos vein. In C the superior pulmonary vein is ligated, exposing the first two 
ventral or anterior branches of the right pulmonary artery and the large descend- 
ing posterior branch. The tape is around the artery at the point of election for 
ligation. Areolar tissue surrounding the pulmonary artery has been gently 
removed by blunt dissection, freeing the artery from the primary bronchus poste- 
riorly, the azygos vein superiorly, the superior vena cava anteriorly and the 
pulmonary vein inferiorly. A Kiittner dissector is shown freeing the superior 
vena cava from the right pulfffonary artery. 


ent, for the distance between the inferior margin of the descending 
branch and the superior margin of the first ventral branch is greater 
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than the diameter of the main right pulmonary artery. However, with 
careful retraction of the superior vena cava (fig. 5C) and gentle sepa- 
ration of the inferior margin of the right pulmonary artery from the 
pulmonary vein and left auricle, the former may be mobilized proximal 
to its branches, and a ligature may be placed around it. The right pul- 
monary artery is, like the left, entirely extrapericardial, but it is longer 
than the latter because it passes across the entire mediastinum from the 
left to the right side. It has been the impression of many that the 
right vessel is shorter than the left and that both are intrapericardial. 
\s on the left side, it is true on the right that if one dissects posteriorly 
it is perfectly safe, for there is nothing at these points posteriorly 
between the artery and the primary bronchi of the right and left lungs 
except areolar and lymphadenoid tissue, the latter of which, if a clean 
dissection is to be made, should be removed in any event. In my experi- 
ence, the satisfaction of having the blood supply completely controlled 
in this manner has made the operation much easier, and the operator 
may then proceed with deliberation and confidence to the eradication of 
the mediastinal glands and the toilet of the bronchus, together with the 
freeing of any possible adhesions in the pleural cavity, and thus accom- 
plish a complete removal of all the tissue of the lung together with the 
lymphatic vessels. This type of dissection has been followed out in my 
later cases, and in only one has the dissection been difficult. In this 
case the patient had received a great deal of external radiation, and the 
fascial cleavage between the right pulmonary artery and the surround- 
ing structures was heavily scarred. Although it may be possible in 
some instances to remove the lung by placing mass ligatures around the 
hilus without dissecting out the vessels, in many instances the tissue of 
the lung that is left in such an unscientific procedure will already have 
been invaded by the malignant tumor, and a recurrence is certain. 

In the removal of a lung it would seem that the same surgical prin- 
ciples should be observed as those followed in the radical operation for 
removal of carcinoma of the breast. The two procedures are certainly 
similar. In removal of the breast the vessels are dissected out in a 
meticulous manner, and the contents of the axilla are entirely removed. 
This operation has become, one might say, almost standardized through- 
out the entire world, and it is hardly too much to predict. that the same 
type of careful dissection of the hilus, with removal of the adjacent 
mediastinal glands, will be the procedure of choice in cases of malignant 
tumor of the lung and that the same standardization will prevail 
wherever this type of surgical work is done as has been adopted in the 
surgical treatment of malignant disease of the breast. Certainly it must 
be admitted that the same hazards of an ultimate cure confront the 
operator in dealing with malignant tumor of the lung that are present 
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with corresponding growths in the breast. Again, in both the breast 
and the lung it is possible to remove the entire organ together with its 
draining lymphatics. Hence, it would appear that a complete scrupu- 
lous dissection, which is admitted to be necessary for the former, is 
equally important for the latter. Few, if any, viscera in the body can 
be removed in their entirety with as little incapacitation of the patient 
following surgical intervention as in the case of the lung. If, as it 
would seem, resection of the lung is a feasible operation, with results 
comparable in immediate and remote mortality as well as in postopera- 
tive incapacitation to similar operations elsewhere in the body, then to 
give it a place among other recognized technical, safe and worth while 
surgical procedures the operation must include a careful meticulous dis- 
section of the hilus and its lymphatics. 

Closure of the Wound.—In this series of cases it has not been nec- 
essary to perform a thoracoplasty, even when pronounced displacements 
of the mediastinal vessels had occurred. Closure of the wall of the 
chest has been very simple. Three pericostal braided silk sutures are 
placed through the second and fourth interspaces and encircle the third 
and fourth ribs. The latter are then held together by a rib approxi- 
mator while the sutures are tied. The overlying pectoral muscle and 
fascia are brought together with interrupted silk sutures. The skin is 
closed in a similar manner. Drainage of the thoracic cavity is not resorted 
to, because the accumulation of serum and plasma associated with the 
later formation of an obliterating fibrinous clot is desirable. If the 
patient has been properly prepared and the surgical technic has been 
good, there should be no necessity for drainage. 


TYPE OF ANESTHETIC AND ITS ADMINISTRATION 

In all these cases tri-brom-ethanol in amylene hydrate was used, the 
dosage being 80 mg. per kilogram of body weight, by rectum. This 
basal anesthetic was supplemented with nitrous oxide and oxygen, given, 
except in two cases, without an intratracheal tube. A high percentage 
of oxygen was used during the operation, with a small percentage of 
nitrous oxide. The anesthesia was very light, and the movements of 
the diaphragm and mediastinum, after one had become accustomed to the 
rhythm, were of no great inconvenience. Whether or not an intra- 
tracheal tube should be used is still an unsettled question. It cannot 
be denied that the insertion of a tube through the mouth into the trachea 
must always carry organisms into an otherwise sterile region, for it is 
certainly probable that in the uninfected patients with tumors of the 
lung the trachea is sterile. Furthermore, traumatization of the mucosa 
of the trachea caused by the tube would produce a mucopurulent exu- 
date and at the same time interfere with the movements of cilia as the 
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result of direct trauma or the indirect effects of local inflammation. 
These factors tend to break down the protective mechanism of the 
patient. It was evident in one case, in which total pneumonectomy on 
the right side was carried out on Nov. 1, 1934, that excessive traumati- 
zation from an unskilful insertion of the tube resulted in traumatic 
tracheitis, which later developed into confluent lobular pneumonia of 
the remaining lung and resulted in the death of the patient. Tracheal 
rales were audible in this patient by the end of the operation, in spite of 
repeated attempts to aspirate material in the trachea. One of the early 
patients, she was placed in a modified Fowler position after operation, 
which allowed mucopurulent material to drain into the remaining good 
lung. The subsequent clinical course and findings led me to believe that 
had the patient not undergone the original traumatization of the trachea 
and had she not been left in a semisitting position the pneumonia might 
have been prevented. Another practice, which I have given up, which at 
first seemed to be of value was the distention of the lung immediately 
after the operation, particularly after partial pneumonectomy, before the 
thoracic cavity was closed. I have since abandoned this procedure 
because I believe that organisms might be forced into the bronchial tree 
or even into the alveolar ducts and in that way might induce pneu- 
monia. Unquestionably, the more simple the administration of the 
anesthetic the less the danger, and it is my opinion that, except in cases 
of suppurating infection in which aspiration may be necessary, it would 
be better not to introduce an intratracheal tube. 


POSTOPERATIVE PROCEDURES 

The position of the patient in bed after operation is of prime impor- 
tance in preventing respiratory complications. It is advisable to adopt 
the Trendelenberg position, with the foot of the bed elevated for the 
twenty-four hours following the operation, thus producing free bron- 
chial and tracheal drainage with the minimum effort on the part of the 
patient. This position creates a tendency for mucus to drain toward 
the pharynx rather than toward the tissues of the remaining lung. 
Moreover, the patient is placed on the side operated on, so that there will 
be no restriction in the respiratory excursion of the side not operated on, 
and thus the maximum exchange of air may be accomplished with a 
minimum of effort. Again, keeping the side not operated on in the 
elevated position favors bronchial drainage away from the alveoli 
toward the primary bronchus. An oxygen tent is used as a routine 
for the first twenty-four to forty-eight hours in order to minimize still 
further the respiratory efforts and to keep the blood well oxygenated. 
Often, as the result of a tight dressing or because the patient is allowed 
to lie in a semisitting posture on the side opposite that operated on, 
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serious anoxemia develops insidiously; hence, every effort should be 
made to give perfect freedom to the side not operated on. It is not 
necessary to put on a tight dressing with a large mass of adhesive plaster 
wrapped around the wall of the chest. Another advantage of keep- 
ing the patient in the Trendelenberg position is that the clot of plasma 
which formed in all my cases was more or less evenly distributed 
throughout the empty space and was as abundant at the apex as at the 
base. This even distribution is desirable because it supplies a covering 
of the raw surface at the hilus of the lung with a fibrinous clot that 
goes on rapidly to organization, and this undoubtedly expedites the 
closure of the bronchus and insures at least a complete walling off of 
this region from the cavity that remains. 

No drainage has been employed, nor has thoracentesis been neces- 
sary, in the cases of total pneumonectomy. The accumulation of plasma 
is looked on as a desirable feature, and the less it is disturbed the more 
rapid will be the deposition of fibrin with its subsequent organization. 
After forty-eight hours the patient can be put in a semisitting posture, 
but he should never be kept in one position throughout the twenty-four 
hours. The elevation of the bed and the position of the patient in the 
bed should be changed every two hours during the day and night. 

Since it is only by the relation of the experience of those particularly 
interested in this field and by a full discussion of the results that one 
may hope to make constant improvements in one’s methods, it is with 
this object in view that this report is offered. 
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PATHOLOGIC AND BIOCHEMICAL CHANGES IN 
SKELETAL DYSTROPHIES 


ANALYSIS OF RESULTS OF TREATMENT OF PARATHYROID 


OSTEOSIS 


EDWARD L. COMPERE, M.D. 


CHICAGO 


An accurate interpretation of changes in the body associated with 
demineralization of the skeleton is dependent on knowledge of the 
metabolism of the mineral elements which are essential to the formation 
and function of bone. 

The bony skeleton of the human body is more than a supporting 
structure. It is a reservoir or storehouse of calcium and phosphorus. 
3one is not an inanimate substance comparable to a block of stone or 
a column of cement. It is a living tissue made rigid enough to support 
the body by the calcium carbonate and phosphate salts biologically laid 
down in it. In the adult as well as in the child these bone salts are 
continuously removed and renewed, so that there are a constant flow 
of both calcium and phosphorus away from the bones into the body 
fluids and a redeposition of similar salts, which have been absorbed 
from the intestinal tract. 

Calcium is an element essential to the life of plants and animals. 
In several forms, usually in combination with phosphorus, which may 
be spoken of as phosphate of lime, it forms the principal constituent 
of bone. The dried skeleton of the adult human body weighs about 
10 pounds (4.5 Kg.). Approximately 5 pounds (2.3 Kg.), or one half 
of this weight, is composed of calcium salts, and most of the rest is 


— 


organic material consisting of dead cells and their fibrous projections, 
which form a fine meshwork in which the bone salts have been deposited 
by the cells. 

Man derives calcium principally from milk, cheese, butter, eggs, 
green vegetables and nuts. When the various components of the adult 
body are functioning normally, approximately the same amount of 
calcium is absorbed from the food in the intestines and so reaches the 
bones by way of the blood stream as that which is taken from the bones 
and lost to the body in the urine and waste material of the lower part 
of the bowel. 

Various factors influence this process of absorption, deposition, reab- 
sorption and excretion or loss of calcium. Vitamin D, which is present 
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in cod liver oil, butter and a number of other oily substances and also 
in the skin of the body in an inactive form, is important in the absorp- 
tion and deposition of calcium salts. Ultraviolet radiation from the sun 
or similar radiation from therapeutic lamps activates the sterols, which 
are normally present in the skin in large quantities, and liberates 
vitamin D. The absence of a sufficient amount of this vitamin in the 
diet and of sufficient sunlight or other sources of ultraviolet irradiation 
of the cutaneous surfaces of the body results in failure of absorption 
and deposition of sufficient bone salts. In the growing child this 
deficiency is characterized by weak bones which bend easily, producing 
a condition known as rickets. 

The secretion or hormone of the parathyroid glands plays an impor- 
tant role in the metabolism of calcium and phosphorus. Experimental 
evidence offered by. Johnson and Wilder and confirmed by Jaffe and 
Bodansky indicates that vitamin D either acts on the parathyroid glands 
to stimulate a greater secretion of the hormone or in some other way 
aids this hormone in the mobilization of calcium from the skeleton. The 
continued administration of parathyroid extract to young puppies, 
guinea-pigs or rabbits leads to generalized fibrous changes in the bones 
identical with the clinical condition which has been recognized by the 
name of generalized osteitis fibrosa or osteodystrophia fibrosa ( Jaffe 
and Bodansky, and Johnson and Wilder) and more recently by a better 
descriptive term, suggested by Liévre, parathyroid osteosis. In experi- 
mental hyperparathyroidism the changes in the bones are more marked 
if viosterol is given in conjunction with the parathyroid extract. 

The work of Robison and Kay and their collaborators has shown 
that an enzyme called phosphatase also has a part in the formation and 
physiologic action of bone. 


HISTORY OF GENERALIZED SKELETAL DYSTROPHY 

Denninger has described the skeleton of an American Indian from 
a burial-mound in northern Illinois of about 1,000 A.D. The lesions 
of these bones were considered to be those of generalized osteitis fibrosa. 
Until the latter part of the nineteenth century no distinction was made 
between the diseases characterized by softening of the bones, and all 
the disorders were classified under the term “osteomalacia.” 

In 1839 Stansky described in detail the study of a malacic skeleton 
from which most osseous elements had been lost and replaced by cysts 
and reddish tumors. Engel described a similar case in 1864. 

A chronic inflammatory disease of the bones described by Paget is 
still recognized by his name or by the descriptive term osteitis deformans. 
Unfortunately, this disease was confused with the generalized fibro- 
cystic disease which is recognized to be due to tumor or tumors of the 
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parathyroid glands, and the two distinct entities are still confused by 
some writers as subtypes of a common form of fibrocystic osteitis. 
Von Recklinghausen, in a Festschrift to Virchow, also described 
cases of osteomalacia and osteitis deformans and 2 cases of generalized 
fibrocystic disease; he obviously considered all of the cases to be 
instances of slightly different manifestations of the same pathologic 
entity. Although the skeletal changes in similar cases had been described 




















Fig. 1.—Photograph of the skeleton in one of the cases first described by 
Recklinghausen. The multiple cystlike expansions of the bones and the many frac- 
tures and deformities are evident. 


long before this time by Stansky and Engel, the condition of generalized 
osteitis fibrosa (parathyroid osteosis) is still spoken of as Reckling- 
hausen’s disease (fig. 1). 

Askanazy described a case of generalized osteitis fibrosa in which 
a tumor of the parathyroids was noted at necropsy. Although his 
diagnosis of the skeletal changes was “osteitis deformans,’” the descrip- 
tion of the conditions noted at necropsy indicates that it should have 
been osteitis fibrosa generalisata or parathyroid osteosis. 
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Erdheim described 3 cases of osteomalacia associated with enlarge- 
ment of the parathyroid glands. He expressed the belief that the 
enlargement of the glands was due to simple hypertrophy or hyperplasia 
and was part of a compensatory mechanism to offset the loss of calcium. 
The results of recent studies of Wilder, Bauer and others indicate that 
the type of osteomalacia in the adult that is due to deficiency of mineral 
and vitamin in the diet is the equivalent of rickets and that the enlarge- 
ment of the parathyroids in such cases may be, as Erdheim suggested, 
compensatory hyperplasia. 

While studying a case of osteitis fibrosa cystica, Schlagenhaufer 
recommended the removal of double palpable tumors of the parathyroid 
glands. Maresch, one of his associates, concurred in this opinion, but 
J. Bauer, the surgeon who was responsible for the results in the case, 
rejected the suggestion as too radical and dangerous. Mandl, however, 
was possessed of a more adventurous spirit. In 1925 he attempted to 
apply Erdheim’s theory in a case of multiple fibrocystic disease. Four 
parathyroid glands taken immediately after death from the victim of 
an accident were successfully transplanted in the abdominal wall of a 
man, aged 38, with generalized osteitis fibrosa, but the disability became 
definitely worse after the transplantation. Mandl then decided that the 
aforementioned enlargement of the parathyroid glands in cases of similar 
skeletal conditions might be a cause and not a result of the changes in 
the bones. In an exploratory operation he observed a tumor behind the 
left lobe of the thyroid gland and excised it, and at the same time he 
removed the parathyroid glands which had been transplanted to the 
abdomen. The tumor proved to be an adenoma of a parathyroid gland, 
and after its removal the condition of the patient steadily improved. 

From the studies of Mandl; Barr, Bulger and Dixon; Boyd, Milgram 
and Stearns; Hunter, and Churchill and Cope, and the investigations 
which my associates and I have made in this clinic, in which the diag- 
nosis was confirmed in 124 cases by observation of tumor of the para- 
thyroids at operation or at necropsy, parathyroid osteosis can now 
be defined as a definite clinical syndrome. This type of osteodystrophy 
is due to hyperparathyroidism associated with an adenomatous tumor 
of one or more of the parathyroid glands. It is a chronic disease, 
which progresses with pain, fractures and disabling deformities, and 
the outcome may be fatal. There is generalized demineralization of 
the bones of the skeleton, and multiple foci of osteitis fibrosa, with 
or without benign giant cell tumors and cysts, are common. It is 
a disease entity differing from local or regional osteitis fibrosa, osteitis 
deformans, osteogenesis imperfecta, osteomalacia, rickets and ankylos- 
ing polyarthritis. The similarity in the roentgenographic findings of 
several conditions in this group is well known, and the most experi- 
enced pathologist may at times find it difficult to differentiate between 
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the gross or the microscopic picture of bone involved by Reckling- 
hausen’s disease and that presented by a section of bone in a case 
of Paget’s disease. The clinical picture of several of the abnormal 
skeletal conditions mentioned may be similar to that of generalized 
osteitis fibrosa (Recklinghausen’s disease), which I prefer to call para- 
thyroid osteosis. But while these diseases are clinically, roentgen- 
ologically and pathologically somewhat similar, there is a difference 
in the biochemical manifestations, as demonstrated in studies of the 
mineral metabolism. Parathyroid osteosis is characterized by a high 
calcium content of the serum, a low percentage of phosphates in the 
plasma, an increased excretion of calcium in the urine and a negative 
calcium balance. 


ANALYSIS OF THE REPORTED CASES OF PARATHYROID OSTEOSIS 


A study of the cases of parathyroid osteosis described since the 
report of Mandl shows that an adenomatous tumor of one or more 
parathyroid glands has always been observed at postmortem examination 
and nearly always at operation. Table 1 gives an analysis of 75 reported 
cases of generalized fibrocystic disease in which significant clinical data 
were reported and one or more tumors of the parathyroids were removed 
at operation. A more detailed analysis of these proved cases of para- 
thyroid osteosis is shown in table 10. 

The cases listed in table 2 were reported independently by other 
investigators, and they are also included in table 1. Data in the more 
detailed analyses of these cases presented in table 10 were obtained 
from a study of the reports of all the authors. 

The analyses of 30 cases of parathyroid osteosis in which it was 
reported that adenomas of one or more parathyroid glands were observed 
at operation are included in table 3. Ballin reported successful opera- 
tion in 22 cases of generalized osteitis fibrosa, but protocols of his cases 
have not been published. The clinical data on the other cases listed in 
this table are not sufficient to substantiate the diagnosis, although the 
reported discovery of adenoma of the parathyroids at operation indicates 
that the clinical diagnosis of parathyroid osteosis was confirmed. 

With the exclusion of 1 duplicate, 8 cases are listed in table 4 in 
which a diagnosis of hyperparathyroidism was made but no tumor was 
observed at operation. Improvement was reported after removal of 
one or more normal glands in the cases of Cooley; Hannon, Shorr, Mc- 
Clellan and DuBois; Hitzrot and Comroe, and Landon. The youngest 
patient with a condition diagnosed as hyperparathyroidism to be sub- 
jected to operation for this disease was one of Landon’s, a boy aged 
2% years. Roentgenograms and data on this case were submitted to 
consulting physicians, including Dr. Fuller Albright, who concurred in 
the diagnosis. That tetany did not follow excision of three normal 
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Age, 
Years 


Result of 
Operation 


A. Sixty-One Cases 


43 


25 


Improvement 
Death 
Death 


Improvement; 

death later 
Improvement 
Death 


Improvement 
Improvement 
Relief 

Improvement 
Improvement 
Improvement 
Improvement 
Improvement 


Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 


Improvement 


Improvement 
Improvement 
Improvement 
Improvement 
Improvement 


Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 


Improvement 
Improvement 
Improvement 
Improvement 
Death 
Improvement 
Improvement 
Improvement 
Improvement 
Improvement 
Death 
Death 
Relief 
Improvement 
Death 


Improvement 


Improvement 

Improvement 

Improvement; 
death later 


Period of Observation 
after Operation 


10 months 

11 days 

Several days; death from 
pulmonary embolism 

14 months 


2 months 

20 days; necropsy revealed 
no remaining parathy 
roid tissue 


3 months 
10 months 
25 months 
18 months 
13 months 


6 weeks; death from 
uremia and shock after 
removal of kidney stone 
6 months 


months 


10 weeks 
months 
years 
months 


mm OO 


5% months 

7 months; death from 
accident 

2 years 


20 months 
16 months 
months 
years 


Co me SD 


13 months 
9 months 
17 months; 2 adenomas 
10 months; 2 adenomas 
10 months 
5 months 


16 months 


3% years 
3 months 
1 month 
1 month 
4 days 
1 year 


2 years 

10 months 

Accident; a few days 
4 months 


19 days; large adenoma 
and a second gland, the 
size of a coffee-bean 
removed 
3 weeks 


3 months 

18 months 

10 weeks; pain diminished 
but tetany and later 
nausea and vomiting 
developed 
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TABLE 1.—Results of Removal of Enlarged Parathyroid Glands (Adenoma) in 
Cases of Osteitis Fibrosa Generalisata (Parathyroid Osteosis)—Continued 











Age, Result of Period of Observation 
Author Sex Years Operation after Operation 


B. Additional Cases Reported Since 1933 


1. Abel, Thomson and F 58 Improvement 12 months 
Hawksley 
2. Albright, Aub and Bauer.. M — 8. @eendaveednuas 
3. Dyke, Walker and Freeman F 14 Free from pain 
4. Dyke, Walker and Freeman F 14 No change 
eee A F 44 Patient symp- 
tomatically well 
EE SEES . M 15 Improvement 3 months 
7. Gutman, Swenson and M 34 Improvement 8 months 
Parsons 
8. Gutman, Swenson and } 53 Improvement 20 months 
Parsons 
9. Gutman, Swenson and F 35 Death 
Parsons 
10. Keynes and Taylor. M 26 Improvement 
11. Lewis and Trimble k 65 Improvement 
12. Morelle. Fk 51 Improvement 1 month 
13. Morton. abe bon I 21 Improvement 1 month 
14. Schwensen and Eiken.. I _ #° ~demaeous 


* This case is the one reported by Du Bois, in which operation was performed subsequently 
by Richardson with removal of two normal parathyroid glands. After repeated unsuccessful 
operations on the neck, Churchill explored the mediastinum and there discovered and removed 
a large adenoma of the parathyroid. The patient subsequently died of renal insufficiency. A 
number of these cases were reported independently by other authors. Some duplicates are 
listed in table 2 


TaBLeE 2.—Cases Included in Table 1 But Reported Independently by 
Other Authors * 


Time 
Age, Elapsed after Authors Reporting 
Author Sex Years Result Operation Cases in Table 1 
1. Albright, Aub and Bauer : ae ee nasitheatas Churchill and Cope 
(11 cases) 
ere “ F 14 Improve eewenbh Pemberton and Geddie 
ment 
8. Barrenscheen and Gold.. 06 No im- 1 year Gold 
provement 
4. Bauer, Albright and Aub M Se. s “‘pdebtennde + Churchill and Cope; 
also by Hannon et al. 
5. Brown.... a M iia ae al ae la Barr, Bulger and 
Dixon (case 2) 
6. Bulger, Dixon, Barr and oe 0) SbeeeGenibn Kadtuee'es Barr and Bulger 
Schregardus (ease 1) 
7. Ettinger and Magendantz M a \geenedaaenh—* «* asebeeeh Churchill and Cope 
and others 
8. Hannon, Shorr, McClel oh). wpessnidaes pea nenee Churehill and Cope; 
lan and Du Bois also by Bauer, Al- 
bright and Aub 
9. Petrén; Ask-Upmark.. F 43 Death 20 days Ask-Upmark 
10. Richardson, Aub and oe” pple?” aes Churehill and Cope 
Bauer and others (same as 
cases 3 and 6 in col. 1) 
11. Rankin and Priestley (case : os). Veseegeeaes bGatse Wilder; also by Weil- 
1) brock 





* There have been duplicate or multiple reports of other cases, but those included in this 
table have been listed to emphasize the fact that they should not be counted again in tabu- 
lating the total number of cases in the literature. 
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glands in a child is surprising, and it suggests that tumor of the para- 
thyroids was present but was not noted by the surgeon. The relapse 
in the case of Hannon, Shorr, McClellan and DuBois and the subse- 
quent observation by Churchill and Cope of a mediastinal tumor in the 
same patient causes one to doubt whether the recovery reported in the 
other cases in which only normal glands were excised will be lasting. 


Tas_e 3.—Thirty Cases in Which an Adenoma of the Parathyroids Was Removed 
at Operation But Clinical Data Were Not Reported 





Author Sex Age, Yrs. Comment 
Re eactsaiNaeo as + ‘ - ss Twenty-two cases of generalized osteitis 
fibrosa; detailed reports lacking 
2. von Disqué.......... vatre oe ‘ is +f: Improvement reported; adenoma; prob- 


ably same case as that of Rosenbach 
and von Disqué 


3. Dresser and Hampton.... F 44 Adenoma removed 

4. Hampson and Osman.. M 14 Cited by Cosin 

5. Hampson and Osman.... : ; F 43 Cited by Cosin 

6 Bade ds ph iviten 4a¥e th a i ; Too recent for report; adenoma the size 
of a cherry stone 

SRLS: ee M 26 Improvement; probably same case as 
that published by Quick and Huns- 
berger 

8. Schaldemose....... : ian a on Improvement; 2 adenomas; cited by 
Chievitz and Olsen 

9. Shallow (case 1)........... ey F 29 Improvement 


TaBLe 4.—Eight Cases of Hyperparathyroidism in Which No Tumor Was 
Observed at Operation But One or More Parathyroid 
Glands Were Removed 
Author Sex Age, Yrs. Comment 


1. Barrenscheen and Gold........... ; M 13 No improvement 1 year after operation 
*2. Bauer, Albright and Aub... ie = Same case as that reported by Hannon, 
Shorr et al.; Richardson, Aub and 
Bauer, and others; 2 normal glands 


removed 

Onin on tadusiieseuscee . - F 17% Improvement 

4. Dresser and Hampton..... : F 41 Later irradiation of glands; no im- 
provement 

*5. Hannon, Shorr, McClellan and M 30 Improvement 2 years after operation 

Du Bois 

6. Hitzrot and Comroe............... F 2 Improvement 5 months later 

OE ary M 2% Improvement; 3 normal glands removed 

8. Shallow, case 2................ M 12 

9. Wendel, case 2................ 5 17 No improvement 


* This is the case in which at the seventh operation Churchill and Cope (table 1) observed 
a large mediastinal adenoma of the parathyroids. 


Supportive measures, including an increased mineral intake, may account 
for the improvement reported in several cases. 

Nine cases are reported in table 5 in which no tumor of the para- 
thyroids could be observed at operation. No parathyroid glands were 
removed. In the cases of Wendel, Terebinskiy and Dr. Phemister 
and me,’ a tumor was excised, but it proved to be a nodule of the thyroid 
gland. No improvement was noted in any case. 


1. Unpublished data. 
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Of 14 cases included in table 6, those of Christeller, Duken and 
Toenniessen and von Hecker may be classified as presenting adequate 
data to justify the diagnosis of parathyroid osteosis. 

In 4 of 10 cases in which the diagnosis was parathyroid osteosis 
and the patient was subjected to roentgen irradiation over the thyro- 


TABLE 5.—Nine Cases of Hyperparathyroidism in Which No Tumor Was Seen 
at Operation and No Normal Glands Were Removed 


\uthor Sex Age, Yrs. Comment 

1. Ball M 50 Condition unchanged; subtotal thyroi- 
dectomy; no parathyroid tissue noted 

2. Bergmann No tumor noted 

3. Compere and Phemister k 56 Nodule removed proved to be tissue of 
the thyroid gland 

4. Dresser I i) No tumor noted; irradiation later but 
no improvement 

5. Elmslie et al I "6 No improvement; regional osteitis 
fibrosa (?) 

6. Terebinskiy I 2 No parathyroid tissue removed but 
small nodule of colloid thyroid tissue 
excised 

7. Wendel (ease 1 I 0) No definite improvement; tumor removed 
proved to consist of colloid thyroid 
tissue 

8. Winter. F 12 

9. Wood M 3 No tumor noted; clinical diagnosis 
hyperthyroidism 

Taste 6.—Cases in Which the Clinical Diagnosis of Hyperparathyroidism Was 


Vade and No Operation Was Performed 


Author Sex Age, Yrs. Comment 


. Barr and Bulger F 11 Evidence not sufficient to justify pre 
sumptive diagnosis of hyperparathy 
roidism; blood chemistry normal 


2. Barr and Bulger F 24 Probably regional osteitis fibrosa 

}. Bradfield. . M 13 Mineral metabolism reported normal! 

4. Christeller k 49 Calcium content of the serum from 
14 to 17 mg. 

>. Duken. F 7 Diagnosis of advanced rickets and 
osteodystrophia fibrosa 

6. Duken. 14 Same diagnosis as in preceding case; 
palpable tumor in the neck 

7. Giordano. k 23 Data lacking 

8. Giordano. M 48 Data lacking 

9. Kiembock and Morkovits. ‘ Possibly Paget's disease 

10. Ortenberg M 59 Probably Paget's disease; calcium and 
phosphorus contents normal 

11. Regnier F 4s Reported improvement from administra 
tion of viosterol 

12. Tavenner. F 53 No studies of mineral metabolism 

13. Toenniessen and von Hecker F 32 Caleium content, 16 mg.; bilateral renal 
ealeuli 

14. Young and Cooperman F 21 Inadequate data; no suspicion of para- 


thyroid tumor 


parathyroid glands, definite improvement or cure was reported. This 
improvement included the healing of cystlike areas in the femur in the 
case of Merritt and of similar areas in the mandible in Hellstr6m’s case. 
No report of subsequent observation was given by Chabe. Biedl reported 
on experimental studies in which he irradiated the parathyroid glands 
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of normal dogs with 2,000 roentgen units without effect on the amount 
of calcium or inorganic phosphates in the serum. I carried out inde- 
pendently a similar experiment, the parathyroid glands being irradiated 


Taste 7.—Cases in Which the Clinical Diagnosis Was Parathyroid Osteosis and 
Roentgen Therapy Was Given to the Parathyroid Region 


Author Sex Age, Yrs. Comment 


. Biedl... : ; } 19 Improvement 

7 ee SRS FEA . F 33 “Helium” therapy 

. Compere and Phemister.... F 56 Irradiation after failure to find para- 
thyroid adenoma at operation; im- 
provement doubtful after 3 months 
(table 5) 


4. Dresser.... cae F 41 Irradiation after removal of 2 normal! 
glands; no improvement (table 4) 

J ae we , F 35 Irradiation; no improvemnt (table 5) 

6. Gutman, Swenson and Parsons.. F 60 Irradiation in a far advanced stage, but 


the patient died; 2 adenomas noted at 
necropsy (table 8) 
. Hellstrém..... F 54 Irradiation only; improvement; cyst of 
mandible healed 
. Merritt........ Se ebiithinsh dite 34 Improvement; patient ‘‘cured”’ 
. Weil, Aimé and Langlois (case 1). 16 Improvement; later death from uremia; 
no report of autopsy 


o -1 


= 


TaBL_e 8.—Cases in Which Parathyroid Adenomas Were Observed at 
Postmortem Examination 


Author Sex Age, Yrs. Comment 

eT Saree M 46 Adenoma size of hazelnut; deposits of 
ealecium in kidney 

2. Bermer...... z shade F 40 Adenoma; renal calculi 

GB Acnateeicns “oe F 47 Adenoma; renal calculi 

4. Dawson and Struthers. M 49 Parathyroid tumor 

5. Hadfield and Rogers. . . F 58 Soft, yellow, cystic tumor; no skeletal 
changes 

6. Hadfield and Rogers. M 51 Palisading of cells; no acini but definite 
tumor; clinical diagnosis, acromegaly 

7. Giordano (case 1)......... fk %6 Adenoma 

8. Gutman, Swenson and Parsons. F 60 Irradiation of 2 cystic adenomas 
(table 7) 

9. Hanke (case 1). acein F Two adenomas; deposits of caleium in 
kidneys; blood calcium, 16.9 mg. 

10. Hanke (case 2). F 49 Two adenomas; deposits of calcium in 
kidneys; blood calcium, 23.4 mg. 

11. Lambie.. iaalen , F 30 Parathyroid adenoma; serum calcium, 
17 mg.; phosphorus, 2.7 mg. 

12. Leb..... ; ; buss F 42 Two adenomas 

13. Noble....... ; a M 40 Parathyroid adenoma; a few small cal- 


cified masses in kidneys; serum calcium, 
3 mg.; previous unsuccessful explora- 


tory operation for tumor 
14. Parreira and Freire............ od = Parathyroid tumor 


15. Renaud, Petit-Maire and Fayot. 


, Retrosternal adenoma of parathyroid ' 
16. Sainton and Millot (case 1)... F 50 Adenoma ; 
i SEE Ap ani F 51 Parathyroid adenoma ' 
18. Simmonds........... eae A: a Adenoma size of hazelnut ; 
19. Struthers (case 1)..... i M 47 Adenoma of parathyroid | 
20. Struthers (case 2)........... F 48 Small adenoma 
Gh, Hes dankbbw overs Seika ~! F 41 Adenoma 


directly after exposing them and the other structures of the neck being 
protected by a sterile lead shield. No changes in the blood chemistry 
were observed, and there were no demonstrable changes in the bony 
skeleton of the dogs during the six months following the irradiation. 
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In table 8 are included the cases of adenoma of the parathyroid 
glands discovered at necropsy during the years since Mandl reported the 
removal of a tumor of this type at operation in a case of multiple fibro- 
cystic disease. (An exception is the case of Dawson and Struthers, 
reported in 1923.) In 19 of the 21 cases the diagnosis of the skeletal 
pathologic condition was generalized fibrocystic disease, but in 1 case 
studied by Hadfield and Rogers there were no changes in the bones, 
while the other exception was a case of acromegaly. The association 
of parathyroid tumor and acromegaly will be referred to in another sec- 
tion of this paper. The reports of the necropsy were not complete in 
all the cases referred to in the table, but in 6 either calculi or deposits 
of calcium in the kidneys were mentioned. 

\ review of the symptoms of the patients reported on by various 
writers and the observations at examination reveals a number of similar 
conditions. All the patients whose histories were given complained of 


TABLE 9.—Summary of Data in Cases of Parathyroid Osteosis 





Data No. of Cases 


Adequate clinical data: adenoma observed at operation........ , PE 75 
Inadequate data: adenoma reported at operation (cases of Schnabel and von Disqué 


discarded as possible duplicates) oes WITTITITITITTTTITTTTTTT TTT TT 28 
Clinteal diagnosis; no tumor seen at operation, but one or more normal glands removed ~ 
No tumor noted; no glands removed.. ves bWaennn’ eS EET Se a ERS! a s 
Diagnosis of fibroeystic disease which was thought to be due to parathyroid adenoma; no 

operation performed to seek the tumor (cases not counted in which data were incom 

plete or diagnosis was doubtful) : ‘ atin dena whee 4 
Treatment by roentgen irradiation ere oditis nen iete ; ‘ 9 
Clinical diagnosis but parathyroid tumor observed only at autopsy ‘ 71 
Total number of cases of parathyroid osteosis studied... 153 


progressive muscular weakness, pain in or bowing of the weight-bearing 
extremities and general lassitude. But in the case of Chievitz and Olsen 
there was no hypotonia or decrease in muscular irritability. In all the 
patients osteoporosis of the bones of the skeleton was noted. 


OSTEOMALACIA AND RICKETS 


The mere recognition of osteoporosis of the human skeleton asso- 
ciated with hypotonia and decreased irritability of the muscles to elec- 
trical stimuli, with or without elevation of the calcium content of the 
serum, is too little evidence on which to base a diagnosis of overfunction 
of the parathyroid glands. The presence of enlarged parathyroid glands 
in the absence of a negative, or at least a reduced, calcium balance does 
not justify the removal of the glands. Hyperplasia of the parathyroid 
glands may be a purely compensatory enlargement in response to a 
demand of the organism resulting from deficiency in the absorption of 
calcium from the bowel. This has been demonstrated clinically in cases 
of deficiency diseases, such as osteomalacia and rickets, by Hoffheinz 
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Taste 10.—Results of Removal of Enlar: 








—_—_——— 
Age, 
Author Sex Yrs. 
1. Allen and Camp, 
1982 
2. Ask-Upmark, 1981 F 43 
%. Babcock, 1932 F 25 
4. Barr and Bulger, F 56 
1930 
5. Barr and Bulger, M 38 
1930 ; 
6. Beck, 1925 F 41 
7. Beyerinck, 1932 F 


8. Boyd, Milgram and M 21 
Stearns, 1929 








































9. Chievitz and F 25 
Olsen, 1932 
10. Churchill and F 46 
| Cope,” 1934 
{ 11, Churchill and F 60 
Cope, 1934 
12, Churehill and F 
Cope, 1934 
18. Churchill and F 41 
Cope, 1934 
14. Churchill and I 
Cope, 1934 
15. Churchill and I 4 
Cope, 19 
16. Churehill and 
Cope, 1934 
Churel 
Cope } 
18, Churel 
Cop 4 
19, Chure i 
Cope, 1984 
%. Chu 
Cope 
lL. Cole 
I ty Oe 
22. ¢ per 
23. Cooley, I 4 
2. Copello and Bar M 4 
laro, 1932 
25. Cosin, 1931 M l 
26. Eggers, 192 F 39 
27. Elmslie, Fraser, F 42 
Dunhill, Vick, Har- 
ris and Dauphinee, 1933 
28. Elmalie et al., 1933 b %6 


29. Elmslie et al., 1983 F 23 


30. Frugoni and F 18 
Alessandri, 1932 
$1. Gold, 1927 and 1928 F 54 


82. Gordon-Taylor, F 20 
Wiles and Baker, 1932 : 


83. Hecker, 1930 


34. Helistrém, 1932 F 42 


35. Hellstrém, 1932 F 41 


36. Hunter, 1929-1931 F 41 
87. Hunter, 1929-1931 F 37 


88. Hunter, 1929-1931 F # 





39. Hunter, 1920-1981 F Gl 


40. Lanz, 1930 


a cae 


42, Mandl, 1929 


Diagnosis 


Hyperparathyroidism 


Generalized osteitis 
fibrosa cystica 


Generalized osteitis 
fibrosa cystica 


Osteitis fibrosa 
cystica 


Hyperparathyroidism 


Osteitis fibrosa cystica 


Hyperparathyroidism 


Osteitis fibrosa cystica 


Generalized osteitis 
fibrosa 


Generalized osteitis 
fibrosa 


Osteoporosis; later 
hyperparathyroidism 


Hyperparathyroidism 


Hyperparathyroidism 


Hyperparathyroidism 


Osteomalacia; general- 


ized osteitis fibrosa; later 


iyperparathyroidism 


ralized osteitis 
a cystica 


Paget's disease found 
utgen examina- 

t Dr. Aub); hyper- 

parathyroidism 


parathyroidism 


parathyroidism 
Gener d osteitis 
a cystica 
sa 
a 4 
Osteitis fibrosa cystica 
Generalized osteitis 


tibrosa cystica 
Generalized osteitis 
fibrosa cystica 


Generalized osteitis 
fibrosa 


Generalized osteitis 
fibrosa 


d osteitis 


Generalize 


fibrosa 


Generalized osteitis 
fibrosa 


Generalized osteitis 
fibrosa 

Osteitis fibrocystica 
generalisata 


Generalized osteitis 
fibrosa 

Osteitis fibrosa gen- 
eralisata 


Osteitis fibrosa gen- 
eralisata 


Generalized osteitis 
fibrosa 


Generalized osteitis 
fibrosa 


Generalized osteitis 
fibrosa 


Generalized osteitis 
fibrosa 


+ 


+ 


Right clay- 
icle and left 
humerus 


Amputation Left femur 


of leg for 
sarcoma 


+? 


Metatarsal 
bone 


Multiple 


Old fracture, 
vertebra 


Multiple 


Size of 
small 
walnut 


+ 


Renal 
Calculi 


Bilateral 


Bilateral 


Bilateral 


Bilateral 


Bilateral 


Duration 
of 
Illness 


6 yrs. 


8 yrs. 


1% yrs. 


8 mos. 


2 yrs. 
38-5 yrs. 


4 yrs. 


14 yrs. 


15 yrs. 


3 yrs. 


l yr. 


2 yrs. 


39 yrs. 


3 yrs. 


8 yrs. 


7 yrs. 
3 yrs. 


2 yrs. 


5 yrs. 


5 yrs. 


3 yrs. 


5 yrs. 


lyr. 


5 yrs. 











Rheumatoid pain in 
left femur; pain in all 


extremities; exhaustion 


Neuritis in arms and 
and soreness of both 
thighs with difficulty 
in walking 


eee ee eeeeeeee eee teens 


Relief, 32 mos. 


General Symptoms 
" Before Operation After Operation — 
Complete disability; Marked improvement 
constant pain in 10 mos.; patient ab 
to walk wi crutches; 
gain of 60 Ibs. 
Deformities ad . ——s days after 
Pains throug! operation 
body; weakness 
Reeth ne ba pinads conan Death in a few days 
Inability to walk; fre- Patient able to walk; 
qoeney be + 8 os months later 
swelling of rig to move 
forefinger the legs 
sulunveniens eeuvesean In 2 mos. lesion healed 
well; gain in weight 
esedesdoenbeccaceccocs Death 21 days after 
operation 
Emaciation; vomit- No report 
ing; weakness 
Weakness; pain in No compiaint except 
legs and lumbosacral of deformities in 
region; bowing oflegs 2 mos. 


Pain in back, shoulder, Improvement, 18 mos. 


knee and ankles 

Pain in feet and left 
knee, deformities of 
right knee 

Pain in back, knees 
and legs; weakness 
Pain in right flank, 
radiating to epi- 
gastrium 

Pain in lower extrem- 
ities; MUSeular weak- 
ness; progressive 
detormity; frequency 
of urination 

Pain in weight-bear- 
ing bones 


Pain in right hip 


Weakness; pain in 
legs while walking 


Disturbance in urina- 
tion; loss of weight 
and appetite 


Pain in legs 


Pain and swelling of 
jaw, head and legs 


Pain in weight-bear- 
ing extremities; 
weakness 


Extreme deformity; 
cessation of men- 
struation 


eee eee ewan 


Pain, weakness and 
multiple deformities 


CORR Ree eee eee eeee 


Pain in limbs; weak- 
ness 


Aching in bones; 


Improvement, 13 mos 


Improvement, 12 mos. 


Improvement 


Bome improvement; 
patientaurvived 
only 6 wks: 


Tremendous improve- 


ment, 10 mos. 


Improvement, 9 mos. 


Less pain after opera 


tion; steady improve- 


ment, 16 mos. 
Improvement, 5 mos. 


Improvement, 4 mos. 


Pain and tenderness 
disappeared within 2 
days afver operation 


Improvement; almost 


no pain; patient 
stronger 


Return of menses in 


4 mos.; gain of weight; 


good muscular tonus 
general appearance 
improved 


ee ereeee eee eee eeeee 


Marked improvement 
5% mos. 


Improvement, but 
death in accident 

7 mos. later 

In 2 yrs. complete 
relief; patient does 
heavy work on farm 


In 6 mos. loss of 


weakness; nervousness improved strengt 


Pain and deformity 
of extremities; 
weakness 


Pain and deformities 
of extremities 

Pain in limbs, weak- 
ness; loss of weight 


Pain and weaknessin Improvement; no pain 


lower extremities 


Aching pain in legs 


Pain in legs, made 
worse by exertion 


Pain in lower part 










and general health 


In 16 mos. patient 


well and leading active 


life; gain in weight 
In 4 mos. improve- 
ment 


Pain disappeared; 
gain in weight 


Improvement 


In 13 mos. improve- 
ment; no assistance 
in w 

9 mos. after second 
operation marked 
improvement 


In 17 mos. improve- 
ment 


Extreme deformity of No striking clinical 


skeleton; few symp- 
toms 


results 


ain; 







16mos. Patient pale, emaci- In 1 mo. improvement 
eked one chawatealty i 


Nature of 
Parathyroid 


Adenoma 


One normal and one 


tumerous gland, 
4x22x1lem. 


Cystic adenoma, 1 x 


Adenoma, 8 em. in 
diameter 


Parathyroid tumor 


Two adenomas 


Adenoma 


Adenoma, 3.5 x 2.5 c1 


Adenoma and norm: 
gland, 3.5x 2x 0.5 cr 


Parathyroid tumor, 
6.5x 5x 3.5 cm. 


Adenoma, 1x 0.5 x0 


Adenoma, 2.2 x 1.7 x 


Adenoma, 3.5x 2x1 
(second operation) 


Adenoma, 1.5x1x1 


Ret sternal adenon 


Adenoma, 2.5x3x1 
Adenoma, 2x 0.8x0 


Parathyroid adenon 
4x2x2cm. 


Adenoma, 20 times n 
size 


Large parathyroid 
noma (small portior 
3x2x1cm. 


Parathyroid adenon 
right, 2.5x15xlen 
left, 1 cm. In diamet 


Adenoma, 1 x 1.75 cn 


Cystic parathyroid ; 


Parathyroid adenor 


Adenoma, 2.7 x 2.2 x 


Tumor size of hazel! 


Tumor cells but no : 
3x15x15cm.; 
yellowish red 
Compact tumor (ad 
25x2x2cm. 


Adenoma, 3.5 x 1.5 x 


Adenoma, 2.2 x 1.1 x 
Adenoma, 2.5 em. in 


Adenoma 


Adenoma size of wa 


Adenoma, 0.2 x 0.18 
0.14 em. 


Adenoma size of wa 
each side 


Parathyroid tumor 
3x3cm. 


Two adenomas 
14x 0.8 x 0.5 cm. 
23x15 x 0.9 em. 


Adenoma, 2.7 em. in 
eter 
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Calcified colloid 
— * 2x15x1lem.; 


Nature of Extirpated 
Parathyroid Glands 


Adenoma 


One normal and one 
tumerous gland, 
4x2.2x1em. 


Cystic adenoma, 1 x 1.5 em. 


Adenoma, 8 em. in 
diameter 


Parathyroid tumor 


Two adenomas 


Adenoma 


Adenoma, 3.5 x 2.5 cm. 


Adenoma and normal 
gland, 3.5 x 2 x 0.5 em. 


Parathyroid tumor, 
6.5x 5x 3.5 em. 


Adenoma, 1 x 0.5 x 0.4 cm. 


Adenoma, 2.2 x 1.7 x 1 em. 


Adenoma, 3.5 x 2x 1 em. 
(second operation) 


Adenoma, 1.5 x 1x 1¢m. 


Ret sternal adenoma 


Adenoma, 2.5x3x1¢em. 
Adenoma, 2 x 0.8 x 0.6 em. 


Parathyroid adenoma, 
4x2x2cm. 


Adenoma, 20 times normal 
size 


Large parathyroid ade- 
noma (small portion left), 
3x2x1cm. 


Parathyroid adenomas; 
right, 2.5x 1.5 x 1em.; 
left, 1 cm. In diameter 


Adenoma, 1 x 1.75 cm. 


Cystic parathyroid gland 


Parathyroid adenoma 


Adenoma, 2.7 x 2.2 x 2 cm. 


Tumor size of hazelnut 


Tumor cells but no acini; 
3x1.5x1.5¢cm.; 
yellowish red 


Compact tumor (adenoma); 


2.5x 2x 2cm. 


Adenoma, 3.5 x 1.5 x 0.7 em. 


Adenoma, 2.2 x 1.1 x 0.6 em. 
Adenoma, 2.5 em. in length 


Adenoma 


Adenoma size of walnut 


Adenoma, 0.2 x 0.18 x 
0.14 em. 


Adenoma size of walnut on 
each side 


Parathyroid tumor, 3.7 x 
3x3cm. 


Two adenomas 


ipto- 1.4x 0.8 x 0.5 cm. test 


2.3 x 1.5 x 0.9 em. (right) 
Fo gem rh a) mand 


Prarenprastgrenatins 


adenoma, 7.5 x 5: 
: . ty 


Parathyroid adenoma, 1.5x 
1.25 x 1.25 em. 








Basal Metabolic 

Rate, Percentage 

Fe 

Before After 

Postoperative Opera- 

Tetany = ton 
A. Sixty-One Cases 


os 


Chvostek’s sign pres- 
ent; no true tetanic 
con ions 


Severe 


Death from tetany 20 
days after operation 


CORRE eee ee eeeee 


Very slight; Chvos- 
tek’s sign present 


Normal = 


Chvostek’s sign present 


but no real tetany - 


—13 to 


Moderately severe 


Moderately severe 


Mild 


Very severe 


Severe 
Slight 


Prolonged and severe +6.3 


Mild 
Mild 


Mild +4 


Slight +23 


Three days later, con- —4.3 
trolled by oral admin- 
istration of calcium 

lactate 


Controlled by para- 
thyroid extract 


Mild 2 days after 
operation; controlled by 
parathyroid extract 


Chvostek’s sign present eo 


Violent 


Tingling in fingers 
and toes 


Much restlessness; 
Chvostek’s present 
and tetany a 

second operation 


+10 


Chvostek’s sign present on ue 
and muscle cramps 


Mild; Chvostek’s “* =e 
sign present 


Hyperplasia of parathyroid, + oe on 


1.7 x 1.5 x 1.1 em.; mass 
shelled out of ca mea- 
suring 3.5 x 2 x 1.5 em. and 
partially encapsulated 


Adenoma, 2 x 2.5 em. 


f Removal of Enlarged Parathyroid Glands (Adenomas) in Cases of Osteitis Fibrosa Generalisata (Parathyroid Osteosis) 
——_—_—_—_—X-_ 








Roentgenographic Findings in the Bones 
" Before Operation After Operation — 
Marked osteoporosis; Increased calcification, 
multiple subperiosteal 10 months 
bone cysts 


Pelvis compressed; curv- 
ature of spine; osteo- 
porosis of all bones; 
bowing of long bones 


eee eee ee eeenenee eeeeeeee 


Areas of rarefaction in 
skull and pelvis 


Five tumors of jaw; 


large area of rarefaction 


General osteoporosis 


Osteoporosis not 
mark 

Cystic areas; evidence 
of inadequate disposi- 
tion; distortion of all 
long bones 


Pathologie processes 
progressive; cystic 
decalcification and 
osteoporosis 
Osteoporosis 


Osteoporosis 


Marked decalcification 
of skeleton, especially 
of epiphyses 

Marked osteoporosis 


Moderate decalcification 


Generalized rarefaction 
with cystlike areas; 


deformity of long bones; 
compression of vertebrae 


Decalcification 


Slight decalcification 
of ilium 


Marked decalcification 
of skeleton 


Decalcification 


Extreme decalcification 


Subperiosteal thicken- 
ing; cystic areas; thick- 
ening of mandible 


Generalized osteoporosis 


Osteoporosis with 
cysts 


Generalized osteoporo- 
sis; multiple bone 
cysts; mottled 
calvarium 

Generalized osteoporo- 
sis; cystic areas; 
mottling of skull 


General rarefaction; 
multiple cystlike areas; 
deformities; scoliosis 


Generalized osteoporo- 
sis and multiple cysts 


General osteoporosis 


Generalized osteo- 
porosis 


Irregular decrease in 
density and cysts 


Generalized osteo- 
porosis and cysts; no 
sign of arthritis 


Greatly diminished 
density of all bones; 
cystlike areas 


Diminished density of 


all bones; scoliosis; col- 


lapse of thoracic wall 







sete en ne nee eewes 
by 


Definite increase in 
calcification 


No evidence of 
recurring tumors 


No evidence of in- 
creased density 
2 months later 


Steady increase in 
density; many cysts 
distinctly filling in 


Increased density 


Improvement; increased 
density 


Seem eee ease eeeeee 


No definite change in 
skeleton or kidney 


eee eee eee eee eeeeee 


No increased density of 
bones or healing of 
fractures in 4 mos. 
Increased density 

and calcification 


No change 


No evidence of 
demineralization 


Marked increase in 
density 


TOPE eECeEOCEeerrrrr erg 


General increase in 
density; healing of 
some cysts but per- 
sistance of others 

All cysts transformed 
into dense opaque 
areas; density of 

all bones good 


Definitely increased 

density of cortices of 
all bones; persistence 
of most cystic areas 


Marked improvement 
4 mos. after operation 


No increase in density 


Increased density; dis- 
appearance of local 
diseased areas 


Come ee eee eee eeeeeeeeee 


Cee ee eee eee ee eeeee 


No change after 
first operation 


See eee eee eee eeeee 







Blood Chemistry D 
Mg. per 100 





Before Operation ‘ 


13.30to 1.20to 


16.70 2.90 
Elevated és 
21.00 2.50 


15.30 to 2.20to Na 










































































































Cal- Phos- 0 
cium phorus 

14.40 

9 to be 

12.50 

16.40 1.30 


17.60 3.30 
14.50 2.30 
13.68 2.58 
10.40 3.60 
12.50 4.70 
14.25 2.30 
13.20 2.78 
15.10 1.40 
(1931) 
14.10 2.90 
(1932) 
12.00 1.74 
14.00 1.50 
16.90 3.02 
13.93 2.98 
13.70 2.40 


12.55 2.81 
13.60 to 2.60 to 
12.50 3.04 

15.00 to ee 
18.00 
16.50 2.10 
14.60 
14.60 1.60 
15.60 2.50 
12.40 1.70 
14.50to 2.10 to 
14.80 2.40 
13.10 oe 
11.60 3.30 
16.00 ée 
5.06 to oe 
16.00 
13.70 to 3.30 
15.20 
15.50 1.70 
11.60to 1.80to 
13.60 2.00 












eitis Fibrosa Generalisata (Parathyroid Osteosis) 


Mg. per | ies ae. 

















Before Operation After Operation 
Roentgenographic Findings in the Bones ¢ a —™ ¢ — Before Cale! 
on A ~ Cal- Phos- Cal- Phos- 1 — oo 
Before Operation After Operation cium phorus cium phorus Before Operat! 
Marked osteoporosis; Increased calcification, os oP Normal Normal 
multiple subperiosteal 10 months 
bone cysts 
Pelvis compressed; CUTV-  ........ceeeeeeees gonene 14.40 ee 10.20 4.90 os ee ecccnndvosceoenn: 
, ature of spine; osteo- tos 
porosis of all bones; 
bowing of long bones 
> 
ee ewobwnnesemngbanebnboene> senmasecevesechect ocat 9 to ins ab ar ée ee Guins se ode dabeas 
12.50 
Areas of rarefaction in Definite increase in 16.40 1.30 7.50 3.70 eo - Negative; on m: 
skull and pelvis calcification tenance calcium 
intake 
Five tumors of jaw; No evidence of 13.30to 120to 10.50 2.90 ee ‘ie Definitely negat 
large area of rarefaction recurring tumors 16.70 2.90 
Genera! osteoporosis chat cctbebcnsonccosae’ Elevated oe oe on " es cébecabens joawdet 
Ostecporosis not Sceccececoseccosesecee 21.00 2.50 be se 526.5 13.4 
marked 
i] a Cystic areas; evidence No evidence of in- 15.30 to 2.20to Normal Lower ee ne LS unbpootanwessaibes 
of inadequate disposi- creased density 17.60 3.30 than com- 
tion; distortion of all 2 months later patible 
long bones with for- 
mation of 
new bone 
o —4 Pathologie processes Steady increase in 14.50 2.30 10.70 4.00 235 20.4 +76 
progressive; cystic density; many cysts 
decalcification and distinctly filling in 
osteoporosis 
Osteoporosis Increased density 13.68 2.58 Normal Normal 
Guiesmoness = =——(“‘“‘“ ‘iéCé‘ié#bOOUCNOOS oneceees ecce 10.40 3.60 10.40 wy 
4. 
Marked decalcification Improvement; increased 12.50 4.70 8.26 to 5.00 Normal dy ehnen eaonmebeinn 
of skeleton, especially density 5.67 
of epiphyses 
Marked O8teOpOrosiS — cece cccccesecceecseees 14.25 2.30 8.00 4.00 a: 7. <dilgbeahencegaaes 
Moderate decalcification ..........cecceeeeeees 13.20 2.78 
Generalised rarefaction — ...ccccccccccccccccces 15.10 1.40 5.20 3.00 pistieebbbatdans 
with cystlike areas; 
deformity of long bones; 
compression of vertebrae 
Dessietien = =——én nc sec neem (1931) (3d operation) on ee endeeveccesccncs 
14.10 2.90 5.16 3.29 
(1982) (6 mos. later) 
12.00 1.74 8.39 3.03 
Giese Gecaleification —— ccccccccccccccescceces 14.00 1.50 8.80 _e°6—Ct ee. ce = eeieieeenane 
of illum 
Marked decalcification No definite change in 16.90 3.02 Normal Normal 
of skeleton skeleton or kidney 
Decalifention = —«—so._ ._»_ bn 0 cea lGbenedindeone 13.93 2.98 10.47 3.85 
Extreme decalcification No increased density of 3.70 2.40 7.50 to 2.20 
bones or healing of 9.70 
fractures in 4 mos. 
Subperiosteal thicken- Increased density 13.00 to 2.40to 8.00 2.80 630 ee 
ing; cystic areas; thick- and calcification 17.40 2.60 i 
ening of mandible 
Generalized osteoporosis No change 12.55 2.81 12.57 5.71 $11 58 +187 
Osteoporosis with No evidence of 13.60to 2.60to 690to 200to 275 and BEE” “Védddbececans cube 
cysts demineralization 12.50 3.04 10.80 4.00 3,586 
sabnioneuenbiandanemh 15.00 to ee Normal 
18.00 
Extreme osteoporosis Marked increase in 16.30 2.10 10.00 2.90 to 250 on ée -- 
density 3.90 intake of 
100 Mg. 
poescesdebdeaasetedace 14.60 we 5.70 
Generalized osteoporo- General increase in 14.60 1.60 11.00 3.20 454 17 +148 
sis; multiple bone density; healing of 
cysts; mottled some cysts but per- 
calvarium sistance of others 
ae Generalized osteoporo- All cysts transformed 15.60 2.50 8.80 2.70 483 36 —455 daily 
sis; cystic areas; into dense opaque 
mottling of skull areas; density of 
all bones good 
General rarefaction; Definitely increased 12.40 1.70 9.20 4.20 164 34 Negative on mi 
multiple cystlike areas; density of cortices of tenance calciur 
deformities; scoliosis all bones; persistence intake 


of most cystic areas 


Generalized osteoporo- Marked improvement 14.50to 2.10to 8.70to 2.30to 415 to 280 to 
sis and multiple cysts 4 mos. after operation 14.80 40 9.10 2.50 700 335 
oe General osteoporosis No increase in density 13.10 ee 10.20 ee 412 123 COaMEDe cos cucses 
ee Generalized osteo- Increased density; dis- 11.60 3.30 9.10 3.70 ° ee ca ae aul 
porosis appearance of local 
diseased areas 
oe Sodbedebdbiicbubecesces sbia uweaseese esndéee 4 16.00 ee Normal “e es se = ee oss 
ee I ar decrease in dott saccatemre édnasoes 5.06 to ee 9.70 4.90 7 Trace — ra 
ty and cysts 16.00 
—l Generalized osteo- No change after 13.70to 3.30 11.20 as 84to102 50to70 ....... -e 
porosis and cysts; no first operation 15.2 before per 1,000 cc.; 
sign of arthritis second 13.6 to 20.7 
opera- after second 
tion operation 
ad Greatly diminished SOR eee eee 15.50 8.00 2.00 1,299 - Negative Db: my 
density of all bones; than 1 Gm. 
cystlike areas 


SPOOR TRH ee ee eee 





















































Jalejum - Balance 

eration After Operation Comment 

ovendnak- = aaah dnlepdaae No parathyroid tissue observed at necropsy; marked porosity and 
fungosity of calvarium; first diagnosis was osteitis deformans 

hcensbe: «Sep naan Death occurred suddenly several days after operation, preceded by 
pallor and dyspnea and was thought to be due to embolism; 
necropsy not permitted 

mmain- Positive Irregular areas of rarefaction in calvarium; death 14 months after 

clum operation 

egative Positive No osteoporosis of the calvarium 

cococces | enegeeeuibesbass Earlier amputation of leg for supposed sarcoma 

intteouiil Strongly posi- Three months after operation the blood calcium and phosphorus 

tive contents were normal, and the bones showed evidence of progressive 


repair; cystic areas of a moth-eaten appearance in the calvarium 


Definite increase Histologic study of the bone taken from femur before operation 
in calcium showed active osteoclastic absorption; spongy structure with scat- 
retention tered patches of decreasing density in calvarium 


pédeeenees .. eens Typical changes in calvarium; development of cataracts after opera- 
tion 


spcvteces) .. Sdeciaabthanad No tumor seen at first operation but observed at the second 


ocenecedu= | Shauniahaseaae Death 6 weeks later after operation for stone blocking the left 
ureter; calvyarium thickened and mottled anteriorly; in 8 years 
decrease in height from 6 ft. 1 in. to 5 ft. 6 in.; tumor noted at 
seventh operation 


eceneuede.  ‘eueetbaueanean At first operation only thyroid tissue removed; at second, thyroid 
and thymus tissue and at third, adenoma; roentgen therapy but no 
statement of whether it Was given to the neck or bones 


sceceeses.  wanshubudennanes Improvement on high calcium intake before operation 


ov0sdeeecé’” | Balieeaedhadee Calvarium normal on palpation but tender on pressure; irregular 
translucent areas shown by roentgenogram 


Increased re- Calvarium mottled 
tention 


pe cceensee | Miakusaveeeasuae Porosity of skuil 


Increased re- Mottled, woolly appearance of calvarium 
tention +551 


y +460 daily Mottled appearance of calvarium 

on main- Positive Mottled and woolly appearance of calvarium 

alcium 

soucksobene -) .Gaeebbaobbubeoen Also reported by Barrenscheen and Gold 

occangetdes)<. ethbeabaneteaaae Right leg removed 5 months after first admission after diagnosis of 


malignant neoplasm; small localized areas in calvarium showing 
mottling and rarefaction 


ccoccdbanes. . Labduacininal Same case as that of Toenniesson and von Hecker (?) 


occcceebh eda: aeekeeeinae - Fracture of right femur 5 months after operation, resulting from 
fall; prompt union 


o cadbipeahs an ceeccescesseeess NO changes noted In calvarium 
DY MOTE — wees ssceeeeeeees Calvarium showing uniform finely mottled appearance 
mm. 
Negative on Calvarium mottled; h nontender, bony enlargement 
low calcium side of mandible -_ 2g ana 








il reporte 


44. Pemberton and F 14 H yperparathyroidism os — _ — _— 16 mos. Patient pale, emaci- Inimo.improvement P 
Geddie, 1930 ated and chronically ill 1. 
45. Quick and Huns M 2 Osteitis fibrosa cystica + + + + 5yrs. Extreme deformity of No striking clinical H 
berger, 1931 skeleton; few symp- results 1 
toms 8] 
su 
Di 
46. Rosedale, 1932 I 0 Generalized fibrocystic + 3-5 yrs Ree Ps  aundnes di neteseusstens A 
disease fatigability; pain 
about knee joints; 
weakness of legs 
47. Rosenbach and J 4 Generalized osteitis Se “bh ee 5) (me) Tipe Seen Improvement A 
Disqué, 1930 tibrosa reported 
i8. Sainton and M 6 Recklinghausen’s or + _ + | enn ries peor I RR Improvement 
Millot, 1932 Paget's disease 
49. Schlesinger and ] 42 Generalized osteitis + + _ _ 2 yrs Severe pain in ischial Improvement 
Gold, ; fibrosa cystica region, vertebral 
bodies and ribs 
50. Schupp, 1 I 51 Osteitis fibrosa gen >_  &  —. we —* ** ee + 4 aiihees” Oeuleaeeieeeneheneaes 0) eceuununeees meee T 
eralisata 
51. Snapper, 1929 M 56 Generalized osteitis a oe. 93> ose |S Repeated fractures; Improvement in2yrs. A 
fibrosa cystica patient bedridden 
52. Snapper and I Recklinghausen’s dis + + OM... - dccncdnckcedsschuanens Improvement in A 
Boeve, 1981 ease 10 mos. 
Struthers, 1933 I . Parathyroid osteo- ee + 10 yrs General debility Death from accident T 
dystrophy few days later 
54. ‘Toland, 1931 I GD 4s ebukbbeecscdesenaceens + 8 yrs Painful swelling in Death 4 mos. after d 
neck; dyspnea; dys- excision of tumor; I 
phagia; loss of metastases to lungs 
weight; no thyrotoxic 
symptoms 
Toland, 1931 I Ge lapvecccencsccscboceses + 8 yrs. Same symptoms as No recurrence; relief 4 
in preceding case from symptoms 
56. Venables, 1933 F Hyperparathyroidism — _ = - 2 yrs Weakness and painin Markedimprovement' J 
weight-bearing ‘ 
extremities 
7. Wanke, 1926 F 41 Osteodystrophia + + + _ =» -- ggpeceg  sanbieeendeseudscestan Death 19 days after A 
fibrosa operation r 
c 
58. Weil, Langlois F 44 Generalized fibrocystic > + ~ a 5 yrs. Pain in extremities; Rapid and marked A 
and Dragomirescu, disease weakness; resorption improvement 
1931 of ngdifles in tibias 
59. Wichmann, 1932 I 4 Osteitis fibrosa gen + + 9-10 yrs. Pa tremities; Progressive improve- A 
eralisata invalidism ment 
~ 
60. Wilder, 1931 F $2 Osteitis fibrosa gen- + + + -- 4yrs. Weakness; inability Improvement in 18 M 
eralisata to walk even with mos.; patient walk- 
crutches ing ¢omfortably 
61. Wilder, Camp, F 43 Generalized osteitis _ _- + — — 7yrs. Stiffness of knees; Spontaneous pain in A 
Robertson and fibrosa severe pain in spinal bon pletely dis- tl 
Adams, 1932 eolumn and thighs ap ; death from 
compli¢ations 10 wks. 
later 
1. Abel, Thomson and F 3 Generalized osteitis + Vertebra — = 2yrs. Weakness of limbs; Improvement in T 
Hawksley, 1933 fibrosa pain and aching in 12 mos. 4 
extremities; difficulty 1. 
in walking; swelling 
of left tibia 
2. Albright, Auband M 52 Hyperparathyroidism; — _- _ - + 1 yr. Fatigue; malmutri- —s .. 0. ee seeeees skdcoece Cc 
Bauer, 1934 nephrolithiasis tion; colic 1 
3. Dyke, Walker and F 14 Osteomalacia - - + _ 2yrs. “Rheumatism”; short- Patient left hospital I 
Freeman, 1933 ening of right leg; free from pain; walked a 
pain in both legs; without calipers or 
difficulty in walking crutches 
4. Dyke, Walkerand F 14 Generalized osteitis + ~ + - - 4yrs. Painless deformity No change in symp- E 
Freeman, 1933 fibrosa of all bones toms; correction of ti 
deformities at time 
of writing 
5. Dresser, 1933 F 44 Osteitis fibrosa cystica + + + ? — 2yrs. “Rheumatic” pains; Patient symptomati- F, 
sien frequency of urination cally well 
6. Dresser, 1933 M 15 Osteitis fibrosa cystica - Epulis ee _ 8 yrs. Pain in ankles and Improvement in 3 d 
other parts of body; mos.; marked gain 
weakness in strength; gain of 
20 Ibs. in weight 
7.Gutman, Swenson M 34 Generalized fibrocystie + ~ + _ + 2yrs. Pain in lower part Markedimprovement 4 
and Parsons, 1934 disease of back, right hip in 8 mos. 
and leg; limp; dysp- 
nea; nausea 
8. Gutman, Swenson F 53 Generalized osteitis - ee + + + Syrs. Lossofheight;club- Markedimprovement§ ( 
and Parsons, 1934 fibrosa cystica bing of fingers; rheu- in 20 mos. 0 
matic pains and 
weakness 
9. Gutman, Swenson F 35 Generalized fibrocystic oa oo + _ oe 16 yrs. Weakness and pain Death d 
and Parsons, 1934 disease in weight-bearing 
extremities; bony 
swelling in jaw 
10. Keynes and Tay- M 2% Generalized fibrocystie + ee + - ee 8 yrs. Aching in bones; Improvement C 
lor, 1933 ase headaches; lassitude 2 
11. Lewis and Trim- F 65 Generalized osteitis + oe + oe oe 7 yrs. Pain in all extrem- Improvement é 
ble, 1934 fibrosa ities; deformity 
of spine 
12. Morelle, 1984 F 51 4Hyperparathyroidism = ee = de pee 2mos. Primary abdominal Disappearance of “ 
pain ht to be nausea and vomiting; 
, 
epig H ment in 1 mo. 
Nausea and vomiting; 
pronounced weakness 
18. Morton, 1933 F 21 Generalized osteitis 4 _ + a i 2yrs. General weakness Improvementinimo. 2 
fibrosa cystica 
14. Sehwensen and F 36 Generalized osteitis + oe ob - oo 8yrs. Polyuria; pain in epiddas Foe kives cetgiis 
Eiken, 1933 fibrosa won ee of fore- { 
arm deformity; 
weakness 





* In his discussion Churchill stated that a parathyroid tumor was palpable in 2 of the cases reported by him. All the 11 cases of Churchill were included in the 



















t Parathyroid adenoma,1.5x Mild; Chvostek’s os Diffuse decalcification Four weeks later no 15.50 3.20 10.36 ‘3.57 “1,474 (on “300 Slightly 
1.25 x 1.25 em. sign present without loss of normal sign of increase in high cal- 
structure of bone density of bones cium intake) 
Hyperplasia of parathyroid, + es 4i Marked decalcification Increased density 14.70 4.20 (ist operation) 317 Afterist Low ar 
1.7X 1,5 X 1.1 em.; mass of all bones with of bones 13.80 3.50 operation, tained ¢ 
shelled out of capsule, mea- innumerable fractures; (2d operation) 357; after time, 3% 
suring 3.5 x 2x 1.5 em. and demineralization 8.90 4.20 2d, 20 
partially encapsulated 
Adenoma, 2 x 2.5 em. _ Normal ee, lb aanstnSeehed "FT epeabEneceeconccecccce 13.80to 2.30 9.20 oar a 
16.50 (calcium and 
parathyroid 
extract given) 
AGenoma Of PAPACHVTOI «= cncccccccescccccccccce §  =«§«-_—«-_ soe het en ters esaccvccercces — eeeecssecccccecscccccs oa Pe ae Ss 
2”) Sr) ee ee a i a a ee re iedecsaeeesos jj-oc¢ + 90 =. ee -.. e@  . «ew <j 
Adenoma, 5 x 4x 4cm. Mild; reflexes hyper- Generalized rarefaction Questionable changes 15.80 2.00 8.00 3.34 1,053.4 12to 21 
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the entire skeleton 
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porosis; funnel-shaped 
pelvis; coxa vara of 
right hip 
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cystlike areas 
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generalized osteoporosis 
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Generalized rarefaction of skull 


Swelling of right maxilla, the size of a small olive; at first operation 
capsule ruptured; hemorrhage resulted; only main portion removed; 
at second, main portion enucleated and remaining tissue curetted; 
roentgen therapy tried between first and second operations without 
satisfactory results; percussion note over the calvarium flat as com- 
pared with the metallic quality of the normal! skull 


Died 4 days after operation; symptoms: fine tremor, exophthalmos, 
loss of weight and general picture of toxic goiter 


Probably the same case as that reported by von Disqué 


Operation in this case performed by Cuneo (Cuneo, B., and Blondin, 
8.: L’antomia chirurgicale des glandes parathyroides et la technique 
de leur extirpation, J. méd. france. 21:19 ([Jan.] 1932) 


Patient was given viosterol after operation 
Probably same case as that reported by Lambie 


This case is the tenth instance of primary malignant growth of 


parathyroid glands (Guy’s case and that of Wilder reported by 
Wellbrock make 12 cases) 


Rarefaction and mottling of calvarium 


Two other cases of generalized osteitis fibrosa reported in which 
parathyroid adenomas were seen at autopsy 


Operation performed by Dr. Leriche 


Osteoporosis and mottling of calvarium 


Decalcification and cystic areas in calvarium 


Fracture of femur showing fibrous union only; 3 microscopically 
typical parathyroid glands removed at autopsy; calvarium with 
diffuse granular osteoporosis and thickening 


Considerable rarefaction of the calvarium 


Patient first treated for rheumatism for about a year 


Extreme osteoporosis of the calvarium 


Coarse mottling of the calvarium 
Fine mottling of the calvarium; horseshoe kidney partially calcified 
Grainy mottling of the calvarium 


Calvarium mottled; patient died 
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and Erdheim and in studies of experimentally produced rickets by Pap- 
penheimer and Minor; Doyle; Nonidez and Goodale; Higgins, Foster 
and Sheard, Erdheim, and Luce. In some cases the parathyroid glands 
became ten times the normal size, and the microscopic sections revealed 
benign hyperplasia similar to that described by Ballin and Morse in 
enlarged glands removed from patients suffering from ankylosing poly- 
arthritis. Treatment of rickets with diet and vitamin D resulted in a 
decrease in the size of the tumors. Since these tumors were produced 
on a deficient diet and receded when the deficiency was corrected, the 
hyperplasia in this condition may be described as compensatory. 


TaBLe 11.—Recapitulation of Data in 75 Cases of Parathyroid Osteosis Reported 
in Tables 1 and 10* 





A. Clinieal Data 


Sex of Patient No. of Cases 
0 Lbiide veshsoed asd eat eemundaddeetétdehsctasddtenateesierengaee 56 
Ee Ce da coal ie ha bode LUCAS EEE TiN a Aaneeiad kb acteesscuteuenenswernisaerhas 17 
Not stated 2 


Pes eee Oe Oe: DATING GUD RCION, «hain vcd ce cee tit ciens owbsoscdesweccssnetcsi seuss 16 
et Re a ee) A a aes pd hein dbo wedeis aes wo edad Ri aee 20 


es ee ene Gt CE GT Co son's e cae cnccdecccapspan cued sankeinases ox = 29 
ee eR eo vids BURST ented SAEs Tard ob webs Ata aibe th aa eles 46 
en nn si inna ake be eh abies Oh banners ater ene ac ee C03 Wena sean ad 24 
NS Bode, icin wings bon-0ckoin sso haanteuerannss ss Pie hebhssd Okino 0c ees aaeeters 41 
ne i on Kal cow aniea Gries apis sw aes ke buawantwal > deka sebeae meee henen 61 
Evidence of recalcification. of bones after operation..................06cc cece cece eeeeeeees : 25 
i es ick. od nc gh ceeaeeha Pes dnetkean ath dens stkenh shins an paekanwks 37 
I ai es ee dl Dee eet ih eb asaneeae heb wect es 7 
Death occurring later after temporary improvement........................0ceceeceeenees : 4 
Death as a result of metastases from primary carcinoma of the parathyroid glands...... 1 


B. Data on Blood Chemistry 


Caleium content of serum before operation, mg. per hundred cubie centimeters: 
Maximum, 21 (Beyerinck); 21.6 (Lanz); 19.8-38 (Léri) 
Minimum, 912.5 (Babcock) 
Average (approximate), 14 

Amount of inorganic phosphates before operation, mg. per hundred cubie centimeters: 
Maximum, 5.3 (Gutman, Swenson and Parsons) 
Minimum, 1.2 (Barr, Bulger and Dixon) 
Average (approximate), 2.2 


_ _* The ages in these cases ranged from 65 to 13 years. Landon reported the case of an 
infant aged 2% years, but no tumor was seen at operation (table 4). 


MULTIPLE ANKYLOSING ARTHRITIS 

Oppel; Ssamarin; Leriche and Jung; Ballin, Funsten, and Simon 
have reported clinical improvement in cases of ankylosing polyarthritis 
after parathyroidectomy. A review of the microscopic studies as well 
as of the photomicrographs has failed to demonstrate true adenoma of 
one or more parathyroid glands in these series. Enlargement of the 
glands in some cases was reported, but the cellular picture was that of 
simple hyperplasia. The authors who reported these studies accepted 
the clinical syndrome of generalized demineralization of the bones, hypo- 
tonia of the muscles, lengthening of the chronaxia and increase in the 
calcium content of the serum as sufficient evidence for a diagnosis of 
“parathyroidism.” Ballin and Morse also stated that “hypercalcaemia 
can be temporarily or continuously absent, and if so should not exclude 
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the diagnosis of parathyroidism if all other symptoms speak for it.” 
The most definite and pathognomonic finding in cases of true hyper- 
parathyroidism due to adenomatous tumor is that of a negative calcium 
balance, but Bauer and his associates have found that in every case of 
ankylosing polyarthritis in their series the calcium balance was positive. 
No reports have been published by the authors who advocated para- 
thyroidectomy in cases of ankylosing polyarthritis to show the results 
of their studies on the metabolism of calcium and phosphorus. 

Leriche and Jung reported slight elevation of the calcium content 
of the serum in only 3 of 20 cases of ankylosing polyarthritis which 
they studied. Parathyroidectomy was attempted in each case. Marked 


Taste 12.—Summary of Cases of Nephrolithiasis and Hyperplasia of the 
Parathyroid Glands Without Decalcification of the Skeleton 


Phos- 
Calcium, phates, 
Age, Me. per Mg. per 
Author : Years 100 Ce. 100 Ce. Comment 
Albright, Aub and Bauer ’ 51 11.5 3.1 Renal caleuli; colic; no osteo- 
(case 12) porosis; no adenoma noted 
Albright, Aub and Bauer J 29 15.8 3 Renal caleulus on right side; no 
(ease 13) osteoporosis; removal of 1 
large, hyperplastic parathyroid 
gland; improvement reported 
Albright, Aub and Bauer ’ 2 os No decalcification; bilateral 
(case 15) kidney stones; 2 large parathy- 
roid glands (hyperplastic) and 
part of a third removed; no 
subsequent report 
Albright, Aub and Bauer 26 1.7 , No skeletal ehanges; 2 stones 
in right ureter; 2 hyperplastic 
parathyroid glands removed; no 
subsequent report 
Albright, Aub and Bauer ) 55 2. y Ureteral stone; no changes in 
(ease 17) the bones; 3 large glands and a 
portion of a fourth removed; no 
tetany; hyperplasia; no subse- 
quent report 


symptomatic improvement was reported in the first case, but six months 
after the operation the patient suffered a relapse and was worse than 
at the time of the first admission. The authors at this time tried the 
intramuscular injection of parathyroid extract in this patient and again 
reported improvement. In the second and third cases there was also — 
improvement, but the pathologist was not able to discover parathyroid 
tissue in the specimen removed in the second case. Apparently, the 
improvement in this case was just as marked as in those in which the 
parathyroid tissue was definitely excised. 


In a number of cases studied by Ssamarin in which operation was 
performed by Oppel, no parathyroid tissue was noted in the specimen 
removed. That the patients showed improvement comparable to that 
of the patient whose glands were removed indicates that another factor 
must have accounted for this change. Welti and Bauer agreed with 
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Fig. 2.—Photomicrographs of tissue from (4) a parathyroid gland in a case 
of Paget’s disease of twenty years’ duration, showing the normal cellular struc- 
ture, X 130. (B) an adenoma of the parathyroid gland, showing the compact 
cellular structure, alveoli and absence of fat cells, x 70, and (C) a normal para- 
thyroid gland, showing the loose arrangement end the number of fat cells, < 70, 
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me that the evidence is not sufficient to show that in any case of ankylos- 
ing arthritis there was also true hyperparathyroidism, although some 
symptoms of this condition may be found. Furthermore, it is significant 
that ankylosing polyarthritis was not described in any of the 124 reported 
cases of generalized osteitis fibrosa, in most of which the calcium content 
of the serum was high and the amount of inorganic phosphates low 
and in which an adenoma of the parathyroids was removed at operation 
or on postmortem examination. Bodansky, Blair and Jaffe and Johnson 
produced typical generalized osteitis fibrosa in experimental animals by 
injecting parathyroid extract, but in none of these animals did arthritis 
develop. There is evidence that ankylosing polyarthritis may be a 
deficiency disease, similar to rickets or osteomalacia. The typical micro- 
pathologic picture of the enlarged parathyroid glands in all three con- 
ditions is that of simple hyperplasia and may represent a compensatory 
change (fig. 2.4). The success of Fletcher m treating multiple arthritis 
by means of diets rich in vitamin and mineral content lends support to 
this theory. 
OSTEITIS DEFORMANS (PAGET'S DISEASE) 


In Paget’s disease the calcium metabolism, as demonstrated in the 
present series and also by Hunter; Rabinowitch; Van Hazel and 
Andrews, and DeCosta, Funk, Bergeim and Hawk, usually shows a 
marked positive balance with a greatly diminished excretion of calcium 
by the kidneys. 

A review of 9 cases of Paget’s disease studied in the University of 
Chicago Clinics during the past five years is presented. The ages 
of the patients ranged from 53 to 67, which confirms the impres- 
sion that osteitis deformans is a disease of late adult life. In each case 
there was pain in the lower part of the back or in the lower extremities. 
The calvarium was involved in only 4 cases. Various types of therapy 
were used, but it is difficult to estimate the value of any of them. The 
average calcium content of the blood serum was slightly lower than 
normal, and the phosphorus content of the blood slightly higher, before 
medication was begun. There was a slight increase in the calcium con- 
tent of the blood and a decrease in the phosphorus content after therapy 
with viosterol or parathyroid extract was instituted. 

Erdheim observed no tumor of the parathyroid glands at autopsy in 
patients with Paget’s disease. Gold reported the pathologic studies of 
Maresch, who made postmortem examinations of the parathyroid glands 
in 40 cases of Paget’s disease, and those of Schmorl, who completed 
170 necropsy studies of Paget’s disease. No tumor of the parathyroids 
was noted in the entire series. Excision of parathyroid glands in cases 
of osteitis deformans may be an error, as thyroidectomy would be in 
instances of myxedema. 
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The high calcium content of the serum and the low percentage of 
inorganic phosphates in the plasma in cases of generalized osteitis fibrosa 
(parathyroid osteosis) are in sharp contrast to the usual normal values 
in cases of Paget’s disease. This contrast is best shown in 7 cases of 
parathyroid osteosis reported by Compere ; Hunter, and Boyd, Milgram 
and Stearns. In these cases the calcium content of the serum ranged 
from 12 to 21 mg. per hundred cubic centimeters of blood, and the 
average amount was more than 6 mg. higher than that found in each 
of 7 cases of Paget’s disease and 7 cases of localized osteitis fibrosa 
studied in the University of Chicago Clinics. In the last two conditions 
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Fig. 3.—Changes in the calcium and inorganic phosphate contents of the blood 
and the excretion of calcium in the urine in a case of Paget’s disease observed 
for a period of two years. 


all the determinations of the calcium content of the blood were within 
the lower limitts for normal values. In cases of generalized osteitis 
fibrosa the amount of inorganic phosphates in the serum ranged from 
1.2 to 3.2 mg. per hundred cubic centimeters, while in cases of Paget’s 
disease and of localized osteitis fibrosa the values varied from 3.5 to 
5.5 mg. The higher values were found in cases of children. The fol- 
lowing history of 1 of the cases of osteitis deformans in this series is 
characteristic : 

L. B., a man aged 57, came to the University of Chicago Clinics in March 
1929, complaining of pain in the lumbar region and bowing of the thighs of twenty 
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years’ duration. 





The symptoms had begun with mild pain in the lower part of a 
the back and had progressed until he had difficulty in walking or bending forward. 4 

Physical examination revealed an elderly white man, walking with a peculiar bf 
slow, shuffling gait with the thighs and feet rotated outward (fig. 5). They nt 
could be rotated inward about 30 degrees with difficulty. There was marked 
bowing of both thighs. 

Roentgenograms revealed marked anterior and lateral bowing of the femoral ia 
shaft and gross thickening and encroachment of the cortex on the medullary 
canal. Both trochanters had a cystic appearance, and the tuberosity of the ischium 
was involved. The lower dorsal and the lumbar vertebrae and the entire pelvis 
showed thickening, broadening and irregularly increased density (fig. 6). 
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Fig. 4.—Curves for the calcium and phosphorus contents of the blood serum ; 
in cases of generalized osteitis fibrosa, localized osteitis fibrosa and Paget’s dis- i 
ease. In this chart the values for cases of generalized osteitis fibrosa are shown 4 
by a line of dashes; those for localized osteitis fibrosa, by a line of dots and if 
dashes, and those for Paget’s disease, by a solid line. The calcium and phosphorus 
contents of the blood serum in cases of true hyperparathyroidism due to para- 
thyroid adenoma and the values in cases of osteitis deformans are in contrast. ; : 
The average value for the calcium content of the serum for 7 cases of ‘eH 
generalized osteitis fibrosa (G.O.F.) is almost twice that for 7 cases of localized 
osteitis fibrosa (L.O.F.) or for 7 cases of Paget’s disease .(P.D.), while the 
ratio for the phosphorus content of the serum in the three conditions is reversed. 















The patient was given roentgen therapy, autogenous vaccines, viosterol and 
parathyroid extract in succession. During observation for two and one-half years 
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the amount of calcium in the blood increased slightly, and the level of the phos- 
phorus content fell, but all the values were within the normal range. The striking 
feature was the amount of calcium in the urine. This was only 30 mg. for each 
period of twenty-four hours before treatment. The average normal excretion of 
calcium is about 180 mg. for twenty-four hours, as reported by Bauer, Albright 
and Aub for a large series of cases. This value suggests the positive calcium 
balance so often found in the cases of Paget’s disease reported by DaCosta, Van 
Hazel and Andrews and Rabinowitch, and it is in sharp contrast to the markedly 


Fig. 5.—Photograph of a patient (L. B.) with Paget’s disease, showing the 
bowing of the femurs and the external rotation of both legs. 


increased calcinuria found in cases of parathyroid osteosis. The excretion of 
calcium in the urine increased to 140 mg. after two months of treatment with 
viosterol and then rose to 430 mg. for periods of twenty-four hours after four 
weeks of administration of parathyroid extract. 


The value of this treatment is difficult to estimate, although sympto- 
matic improvement was observed. Zimmer reported a case of osteitis 


deformans in which clinical and roentgenologic improvement occurred 
after treatment with parathyroid extract. 
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A patient with marked Paget’s disease of twenty years’ standing 
recently came to autopsy in this clinic, and complete pathologic studies 


were made. The parathyroid glands were normal (fig. 2.4). Examina- 
tion of the bones of the patient revealed involvement of both femurs 
and tibias (fig. 7B). The long bones were bowed, and the thickness 
of the cortex was increased, ranging from 1 to 2 cm. The medullary 


canal was narrowed, and the bone marrow contained an unusual amount 
of fat and fibrous tissue. There was marked coxa vara of both hips 
due to loss of tensile strength. 











Fig. 6.—Roentgenogram of the pelvic region of a patient (L.B.) with Paget’s 
disease. The trabeculae are wavy and distorted; the diameter of the shafts of the 
femur is increased, and numerous cystlike areas are evident. 


The roentgenographic findings in the calvarium in a case of general- 
ized osteitis fibrosa in a woman, aged 59, showed definite small round 
areas of absorption in the dome of the calvarium, resulting in a mottled 
appearance typical of this condition (fie. 8B). When the skull in 
a case of Paget’s disease is involved the roentgenograms show thicken- 
ing of the bones of the dome with a resulting increase in the circumfer- 
ence of the skull. Many spherical areas of increased density may appear 
(fig. 8C). In many instances of Paget’s disease the skull is not 
involved, while in roentgenograms in all the cases of hyperparathyroid- 
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Fig. 7.—Photomicrographs of sections of bone in cases of (A) osteitis fibrosa 
with resorption and replacement of bone by fibrous tissue, 120, and (B) Paget’s 
disease, in which the trabeculae of the bone are thick and the formation of bone 
is more marked than the absorption, X 115. Photograph of a longitudinal section 
of long bone (C) in a case of Paget’s disease, showing the thickened cortex 
and the narrow medullary canal. 
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ism which I have studied or reviewed the characteristic mottling of the 
calvarium has been noted. 

In table 14 I have attempted to compare several clinical syndromes 
which are characterized by local or general demineralization of the 
skeleton. 

As I have already stated, “there is little evidence to indicate—and 
it would be difficult to rationalize the findings if it were so reported 
that localized or regional bone lesions of the bone cyst and giant-cell 


Fig. 8.—Roentgenograms of (A) a normal skull; (B) the calvarium in a 
case of parathyroid osteosis, showing mottling, and (C) the skull in a case of 
Paget’s disease, showing thickening and enlargement of the calvarium and numer- 
ous areas of increased density. 


tumor type, without any general skeletal involvement, could be explained 
on a metabolic basis.” The secretions of the endocrine glands must be 
distributed to all parts of the body, and any marked effect which they 
may exert on the tissues should be manifested uniformly and not locally 
or regionally. Experience has demonstrated that these localized lesions 
heal after local excision and curettage or, in cases of giant cell tumor, 
with roentgen therapy, and this observation further discredits the theory 
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of an endocrine etiology. The amount of calcium and inorganic phos- 
phates in the serum in these conditions is found to be within normal 
limits. 

Chronaxia has been described by Ballin as “an electric time coefficient 
of neuromuscular excitability defined as a minimal time in which current 
must pass through a muscle or nerve in order to elicit a reaction.” This 
is not a specific test for hyperfunction of the parathyroids. Other con- 
ditions associated with weakness and general physical debility may give 
a similar delayed response. Mere fatigue in a normal person may alter 
the results of determinations of the chronaxia. 


TaBLe 15.—Localized and Regional Osteitis Fibrosa and Solitary Bone Cysts 





—— 








Calcium, Phosphorus, 
Age, Mg. per Mg. per 


Patient Date Years Sex 100 Ce. 100 Ce. Comment 

F. W. 2/14/31 8 F 12.20 5.10 Cyst of upper third of left 
humerus 

M. 8. 2/22/29 52 M 8.10 3.90 Cyst of upper end of left hu- 
merus and chronie arthritis 

C. R. 12/15/30 56 F 11.08 4.44 Lesion of left 5th metacarpus 

R. C, 10/26/31 12 M 9.99 4.40 Lesion of upper end of left 
humerus 

D. 8. 5/ 2/31 6 M 10.80 5.20 Lesion of upper end of right 
humerus 

A. B. 11/24/30 20 F 11.15 5.55 Cysts of head of right femur 

. M. 8/ 3/32 16 M 11.00 6.10 Lesion of upper end of left 

humerus 

B. J. 7/ 1/32 26 M 10.85 4.36 Pathologie fracture of upper 
end of right humerus 

E. 8. 11/21/50 21 M 11.20 4.44 Osteitis fibrosa localisata of 
neck of right femur 

A. C. 6/ 6/30 10 M 12.10 4.00 Osteitis fibrosa localisata of 
left humerus and radius; no 
cavity 

M. K. 4/ 6/31 32 F 11.50 3.70 Regional osteitis fibrosa of left 


femur and ilium 


Too much emphasis has been laid on the elevation of the calcium 
content of the serum in certain of these conditions, and the equally 
significant determinations of the amount of inorganic phosphates in the 
serum or plasma have not been made. The only definite test for hyper- 
function of the parathyroid glands which is acceptable is the study of 
calcium metabolism and the demonstration of a negative calcium balance. 
If patients with conditions representing the seven types of skeletal 
dystrophies listed in table 14 were studied while on a maintenance diet 
with ‘the basal requirements of calcium and phosphorus and also of 
vitamin D, a positive balance would appear except in persons with para- 
thyroid osteosis. In this condition the balance is consistently negative ; 
the calcium content of the serum is high; the amount of phosphates in 
the plasma is low, and true adenomas of one or two parathyroid glands 
are noted in nearly all cases at operation or on postmortem examination. 
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DYSCHONDROPLASIA 

Dyschondroplasia, particularly of the rachitic type, has been classi- 
fied with the “parathyroidism” presented in the group of cases reported 
by Ballin. Biochemically, there is no evidence to support this classifica- 
tion. Studies of calcium and phosphorus metabolism were made in this 
clinic on 3 patients, all of whom were found to show a positive balance. 
The results of two of these studies are shown in table 16. 

“In normally growing children, there takes place during the ages 
between three and sixteen years an average daily storage of 0.01 Gm. of 
calcium and 0.0008 Gms. of phosphorus per kilogram of body weight 
per day.” (Sherman, H. C., and Hawley ; Studies on Twelve Children. ) 


Tas_e 16.—Determination of Calcium and Phosphorus Balance in Cases of the 
Rachitic Type of Dyschondroplasia 


Experimenta! Amount of Mineral in Mineral 

Period ~ — Balance 
. Food, Feces, Urine, Total Out- — A ~ 
Number Duration mM.* mM. mM. put, mM. mM. Gm. per Day 


H. M., aged 16 years Caleium 


A 


3 days 144,22 104.82 17.71 122.53 21.69 +- 0.290 
II 3 days 3 104.97 19.44 124.41 20.96 0.280 
Phosphorus 


} days 81.36 63.11 144.47 9.89 +-0.102 


154. 
Il 3 days 154.93 75.84 68.62 144.46 10.47 0.105 
F. G., aged 10 years Caleium 
} days 901.05 3.35 204.40 
Phosphorus 
} days 945.52 92.26 123.90 216.16 


* mM. indicates millimols. 


Herter found that for the normal growth of the skeleton there must 
be an average daily storage of more than 0.1 Gm. of calcium from 
the third to the sixteenth year. 


Herbst studied the calcium metabolism for 6 normal boys between 
the ages of 6 and 14 years and found that from 0.01 to 0.016 Gm. of 
calcium per kilogram of body weight was stored daily, or from 0.21 
to 0.39 Gm. per capita (Sherman). As indicated in table 16, in the 
cases studied in this clinic as much calcium was stored as would be 
needed for normal growth, according to the estimates of the basal 
requirement. 


PATHOLOGIC LESIONS OF THE SKELETON IN PARATHYROID 
OSTEOSIS 


A detailed description of the microscopic pathology of the bones 
has been given by Turnbull. The changes in the skeleton are: lacunar 
resorption, fibrosis of the marrow and the formation of osteoclastomas 
and, in about 50 per cent of the cases of cysts. Lacunar resorption 
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is predominant. Roentgenograms and histologic examination of the 
skeleton at necropsy show that resorption has led to general osteoporosis, 
which, however, varies in degree in different places (figs. 7.4, 8B and 
9). But formation of bone does not cease. Bone is seen in the process 




















Fig. 9.—Roentgenogram of the pelvic region of a patient with parathyroid 
osteosis. The generalized demineralization of the skeleton in this case is in 
sharp contrast to that in the case of osteitis deformans shown in figure 6. Symp- 
toms in this case became more marked during pregnancy, which at the time 
the roentgenogram was taken was approaching term. 


of formation in almost all the sections taken from the more severely 
involved parts of the skeleton, and previous formation of bone is shown 
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by extensive, and in places complete, replacement of lamellar bone by 
trabeculae of fibrous bone. Apposition may be the predominant active 
process in a segment. The combination of resorption and apposition 
is shown by the action of osteoclasts and osteoblasts on different 
trabeculae in many sections, and even on the same trabecula in several 
sections. Trabeculae that are composed of several systems of fibrous 
bone further witness the interplay of the two processes. In focal areas 
the new spongy bone that has been formed may exceed or completely 
replace the normal spongiosa and compacta (fig. 7 A). 

In osteitis deformans (Schmorl) the changes are similar with regard 
to lacunar resorption, but apposition and osteoblastic activity are more 
marked, and regional areas of dense ossification or calcification are com- 
mon (fig. 7 B). 

TUMORS OF THE PARATHYROIDS 


Diagnosis of adenoma of the parathyroid glands as an explanation 
of a condition considered to be due to hyperfunction of the tumorous 
glands may not be accepted without criticism. In discussing adenomatous 
changes in the thyroid gland Rienhoff declared that even though the 
cells lining the alveoli function locally, there is no proof that these 
neoplasms produce a toxic secretion or evidence to suggest that the cells 
lining the alveoli function in such a manner as to influence the organism 
as a whole. Aschoff expressed the belief that adenomas of the para- 
thyroid glands had nothing to do with the changes in the bone occasion- 
ally seen associated with them. Rienhoff also stated that adenoma and 
carcinoma of the parathyroid glands have in several instances been 
associated with a low calcium content of the blood and even with tetany. 

Pathologically, the tumofs in all the reported cases have been diag- 
nosed as adenoma or as cyst of the parathyroid glands. Functionally, 
such tumors resemble true hyperplasia. Both Ewing and Harbitz recog- 
nized the difficulty of differentiating moderate diffuse hyperplasia and 


true adenoma of the parathyroid glands. Tumors of the parathyroid 


glands grossly similar to those reported in this series and associated with 
similar skeletal conditions were studied by Erdheim and diagnosed as 
hyperplasia. Strauch studied a tumor removed from the neck of a 
woman who died after a typical attack of puerperal osteomalacia. His ~ 
diagnosis of hyperplasia was based on the presence of all the normal 
cellular elements, while, according to his belief, only one type of cell is 
observed in true adenoma. 

The tumor which was removed from a patient reported on from 
this clinic in 1930 was almost entirely composed of the one type of 
large epithelial cells with hyperchromatic nuclei, and the predominating 
characteristic was formation of acini. No portion of the gland resembled 
the normal tissue of the parathyroids. One was justified, then, from 
a pathologic standpoint in making a diagnosis of adenoma of the para- 
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thyroids (fig. 28). If this was compensatory hyperplasia it is difficult 
to explain why another gland removed from the same side was entirely 
normal (fig. 2C). If, then, the changes in the calcium metabolism in 
this and similar cases are assumed to be due to increased activity of the 
parathyroids, one must conclude that the adenoma produced an abnormal 
amount of parathyroid secretion, that there was hyperfunction of the 
grossly normal-appearing parathyroid glands or that there was in each 
case undiscovered and abnormally active accessory parathyroid tissue. 
The presence of a pathologically similar tumor in a series of 124 reported 
cases lends weight to the first hypothesis. 

The tumors in the cases of Wilder, Mandl and Toland were classified 
as malignant adenoma because of the presence of mitotic figures, poly- 
morphism of the cells, hyperchromatic nuclei and invasion of the 
neoplastic tissue into the capsule in Wilder’s case and into the adjacent 








Characteristics of the Normal Gland or 
Benign Hyperplasia of the Parathy- 
roids in Cases of Rickets, Osteo- 


Characteristics of Adenoma of the 
Parathyroid Gland Reported in 
124 Cases of Generalized Oste- 


malacia, Metastatic Osteoplastic itis Fibrosa Cystica 
Carcinoma and Ankylosing (Reckling hausen’s 
Polyarthritis Disease) 
Cellular elements “diffuse or compact Cellular elements very compact 
Definite arrangement of irregular strands Less connective tissue and no strandlike 
or trabeculae arrangement of cells 
Oceasional acini Numerous acini 
Many fat cells Few or no fat cells 
Many foam cells No foam cells 


Few granules in nuclei Large, dark-staining granules in nuclei 


of cells 


muscles in Toland’s case. The striking absence of foam cells and fat, 
which Wellbrock mentioned, may not be a criterion of malignancy, for 
the same thing was true in my case and in other cases in which the 
results of pathologic study were reported in detail and in which there 
was no suggestion of malignant growth. 

The duration of disease of the bone in the cases of Wilder, Mandl 
and Toland for from five to eight years and the failure of recurrence 
for years after operation speak against a diagnosis of malignant tumor. 
However, a review of the literature on malignant tumors of the thyroid 
and parathyroid glands indicates that in almost every instance tumor of 
some kind preceded the malignant changes for several years. Balfour, 
in a series of 63 cases of malignant struma, noted that in not a single 
case had the condition appeared suddenly but some form of diffuse or 
nodular goiter had preceded it. Wilson found that in 157 of 290 cases 
of malignant goiter there had been enlargement for five years or longer- 
In most of the 8 cases of malignant tumor of the parathyroid glands 
reviewed by Kocher, the tumor had been present for many years. 
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Metastases to the neck, mediastinum or pleura occurred in each case 
which he described. 

Berard and Alamartine reported 28 cases of epithelial tumor of the 
parathyroid glands, called by Fasiani malignant adenoma. Ferrero and 
Sacerdote reported a case in a woman, aged 65, with carcinoma of a 
parathyroid gland, metastases to the skeleton and pathologic fracture 
of the femur. Pepere, Klemperer and Thompson reviewed cases of 
carcinomatous metastases to the parathyroid glands. 

In the case of Guy the tumor of the neck had been noted for five 
years. When removed, the section showed a few acini and mitotic 
figures and areas of degeneration and cystic formation resembling those 
observed in the tumor in Wilder’s case. A diagnosis of adenoma of 
the parathyroid glands was made, but the patient returned after eleven 
months with three new nodules near the operative scar. The author 
noted at this time that the general health of the patient was good and 
that there was no evidence of skeletal disease. These nodules and 
several glands in the posterior cervical triangle of the neck were removed, 
and all the specimens were observed to be carcinomatous. All the 
growths recurred in spite of roentgen therapy. Guy concluded from his 
studies that apparently benign tumors of the parathyroid glands of years’ 
duration may suddenly take on malignant characteristics. While it is 
doubtful that the malignant changes in the tumor were responsible for 
the changes in the bone, which have been noted in so many other cases 
in which there was no suggestion of carcinoma, the cases reported in the 
literature of malignant tumor of the parathyroid glands help to substan- 
tiate the pathologic diagnosis of malignant growth in the cases of Wilder 
and Mandl. ‘ 

Hofftheinz, rejecting all cases in which the enlargement of the para- 
thyroids was indefinite or inadequately described, collected from the 


literature 45 instances of measurable enlargement of one or more para- 
thyroid glands. Of these, 27 were associated with definite disease of 
the bone, including 17 instances of generalized osteitis fibrosa, 8 of 


osteomalacia and 2 of rickets. He cited increases to a size of 7 by 2.5 
by 1 cm. The histologic changes were those characteristic either of 
hyperplasia or of adenoma, and it is important to note that sometimes ° 
more than one parathyroid gland was affected. 

Jauer, Albright and Aub reviewed the reports of the cases in which 
examination at necropsy was made for lesions of the parathyroids. With 
their own cases and those of Maresch and Schmorl, there were in all 
327 cases in which definite disorder of the bones existed. These studies 
are analyzed in table 18. 

sarr and Bulger listed 33 cases of tumor of the parathyroids in 
which coexisting changes of the bones were reported. These cases are 
included in the tables or the text of this paper. 
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se Hadfield and Rogers described 2 parathyroid tumors without para- 
thyroid osteosis, 1 being associated with acromegaly. They included 
ne reports from the literature of 6 additional cases of adenoma of the 
id parathyroids observed at postmortem examination of patients with 
a acromegaly. 
re Enlargement of the parathyroid glands in a case of multiple myeloma 
of was reported by Barr and Bulger (case 3, 1930) and by Hunter in a 
case of generalized carcinomatosis. 
we Congenital dysplasia of the bones (osteogenesis imperfecta) asso- 
Hic ciated with lesions of the parathyroids was described by Wyatt and if 
se McEachern, but the calcium and the phosphorus content of the blood 4 
of were normal. 
en Adenoma of the parathyroids was noted by Claude and Schmiergeld 
or in a patient with epilepsy without skeletal deformities or other evidence 
nd of hyperparathyroidism. 
nd 5 aes ie 
od TABLE 18.—Analysis of 327 Cases of Definite Disorders of Bone 
the Author Total Condition of 
his Reporting Number of Parathyroid 
: Disorder of the Bones Cases Cases Glands 
rs isha a is cabs bas ostder Hartwick; Schmorl; Ritter 20 Hypertrophy in 2 cases 
:< Senile osteoporosis or osteo- Schmorl; Strada; Maresch 40 Parathyroid glands nor- 
I malacia mal 
for Osteitis deformans*..... Stibed Maresch; Schmor] 210 All the parathyroid 
glands normal 
ses Osteomalacia...... she an Danisch; Strada; Thomas; 57 Hypertrophy in 27 cases; 
oe von Verbély; Bauer; adenoma in 1 case 
the Hohlbaum 
an- * Gold reported the results of postmortem examination in 40 cases of osteitis deformans in 
der which Maresch found all the parathyroid glands normal. Maresch noted a large cystic tumor 
of the parathyroids in 1 case in which there was no demonstrable disorder of the bones. 
Sechmorl observed no adenoma of the parathyroids in 170 postmortem examinations in cases 
of osteitis deformans. 
ira- 
the NEED FOR EARLY DIAGNOSIS OF PARATHYROID OSTEOSIS 
ira- Diagnosis of parathyroid osteosis has usually not been made until 
» of the disease has progressed to the stage of marked decalcification with 
_ of varying degrees of deformity and renal damage. The arrest of the 
2.5 progress of the disease, when so much pathologic change in both the 
of bony framework of the body and the internal organs is present, cannot 
- ms , 
mes ° be expected to restore normal function. After six unsuccessful opera- 
tions by various surgeons, Churchill discovered and removed a mediastinal 
hich tumor of the parathyroid glands from a patient who had been suffering 
Vith from parathyroid osteosis for more than ten years. There was temporary 
1 all symptomatic improvement, but the patient died of renal insufficiency 
dies and shock after an operation for the relief of ureteral obstruction from 
calculus, six weeks after the removal of the tumor. " 
s in Early diagnosis and prompt removal of the parathyroid adenoma 
; are would be expected to arrest the disease before severe renal damage had 


occurred. The chemical analyses, done as a routine, including the 
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estimation of the calcium content of the serum and the amount of inor- 
ganic phosphates in the blood, may not be of significant diagnostic aid 
in early cases of parathyroid osteosis. Determination of the amount of 
calcium in the urine for periods of twenty-four hours may help in 
confirming this diagnosis, while the more specific study of the amount 
of calcium lost by determination of the calcium and phosphorus balance 
for from three to six days is costly and difficult to make. 

Chievitz and Olsen suggested functional tests for calcium. They 
found that an increase in the amount of calcium ingested in a case of 
parathyroid osteosis did not produce an increase in the excretion of 
calcium in the urine, but that there was a distinct increase after the 
intravenous injection of calcium chloride. In control tests on normal 
persons with either the ingestion or the intravenous injection of calcium, 
there was a consistent increase in the amount of calcium excreted in 
the urine. These tests indicate a defective absorption of calcium from 
the intestines in parathyroid osteosis and a decreased capacity of the 
organism for the retention of calcium. 

Immediately after the removal of the parathyroid adenoma the tests 
were repeated. The output of calcium in the urine was constantly sub- 
normal after ingestion and intravenous injection of calcium, indicating 
that the organism was now capable of depositing calcium. 


A second diagnostic method has been reported by Hamilton and 


Schwartz of the department of pediatrics of the University of Chicago. 
These observers found that a large dose of calcium chloride or calcium 


gluconate, given by mouth, causes a much more marked increase in the 
calcium content of the serum of rachitic rabbits than in that of normal 
rabbits. This marked affinity for calcium in the blood of rabbits with 
rickets was thought to be due to hyperactivity of the parathyroid glands. 
Further evidence was offered to support this theory, and a test for the 
parathyroid hormone described by these authors was applied to the blood 
of normal and rachitic rabbits, which indicated an increase of the hor- 
mone in the blood of the rachitic animals. No blood from a patient 
with parathyroid osteosis was available for similar tests. This opens 
a field for future investigation, and the test may prove to be a simple 
and valuable aid in the early diagnosis of hyperparathyroidism. 


TREATMENT OF PARATHYROID OSTEOSIS 

Since the etiology of this disease is thought to be an excess of the 
secretion of the parathyroids due to enlargement and adenoma of 
one or more parathyroid glands, treatment consists first of removal or 
destruction of the tumors. The methods of surgical treatment have 
been individually and effectively described by Walton, Ballin and 
Churchill and Cope. Since death from tetany has been reported in 4 
cases, it is essential that at least 2 normal parathyroid glands should 
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be identified and left undisturbed. In the case described by Beck no 
parathyroid glands could be seen at necropsy after death from tetany 
twenty days after the excision of a tumor of the parathyroids and of 
one normal parathyroid gland. 

Roentgen irradiation of the parathyroid glands resulted in improve- 
ment in 4 of 10 cases. Experimental evidence (Biedl and Compere) 
indicates that the function of the normal parathyroid glands is not dis- 
turbed by such irradiation, and the inference is that this procedure may 
be a safe method of ablation of the parathyroid adenoma. A much 
larger series of patients must be subjected to this treatment before 
definite conclusions can be made. 

After ablation of the parathyroid tumor tetany has been prevented 
or controlled in most instances by ingestion or intravenous injection of 
calcium, injection of parathyroid extract or a combination of these 
measures. 

Ingestion of calcium should be continued for a year or longer. Since 
the growing skeleton needs from 0.2 to 0.3 Gm. of calcium daily for 
its development, the markedly decalcified adult skeleton, which may 
have lost as much as 50 per cent, or more than 1,000 Gm., of the 
calcium salts, cannot be expected to regain its normal density and 
strength in less than from one to three years, even after a definitely 
positive calcium balance has been reestablished. Foods rich in calcium, 
such as milk, nuts and fruits, should be included in the diet. 

The eating of foods that are rich in their vitamin content, especially 
the juices of the citrus fruits in vitamin C and cod liver oil or viosterol 
in vitamin D, is advised as an aid in the absorption or deposition of 
calcium salts. The importance of vitamin B may be questioned, but 
because of its recognized value in promoting better intestinal tone and 
function and in treating certain types of anemia, concentrates of yeast 
may be added to the diet. 


SUMMARY 


Parathyroid osteosis may be differentiated from other skeletal dystro- 
phies which are clinically similar. This condition is characterized by 
weakness, pain in the long bones, generalized osteoporosis, deformities, 
a high calcium content of the serum, a low phosphate content of the 
plasma, an increased excretion of calcium in the urine and a negative 
calcium balance; an adenomatous tumor of one or more parathyroid 
glands has always been observed at postmortem examination and nearly 
always at operation, while the remaining glands are of normal size and 
structure. The results of study of 124 cases in which the diagnosis 
was verified at operation or autopsy are analyzed. 

There is no good evidence that Paget’s disease is caused by hyper- 
parathyroidism. In this condition the calcium and inorganic phosphate 
contents of the blood are normal; the calcium balance in the chronic 








264 ARCHIVES OF SURGERY 


phase of the disease is markedly positive; the output of calcium in the 
urine is decreased, and the parathyroid glands are usually observed to 
be of normal size and microscopic structure. 

Ankylosing polyarthritis is probably not caused by hyperparathyroid- 
ism, because in this condition, although the calcium content of the serum 
may be slightly higher than normal, the amount of the inorganic phos- 
phates in the plasma is normal, the calcium balance is positive, and while 
the parathyroid glands are, according to reports, sometimes enlarged, 
the enlargement is usually symmetrical, involving all the glands, and is 
similar to that reported in cases of rickets or of osteomalacia associated 
with a low serum calcium content. In animals with rickets the addition 
of vitamin D and of adequate amounts of calcium and phosphorus to the 
diet results in decrease in size of the enlarged parathyroid glands as 
well as in healing of the skeletal disease. 

Parathyroidectomy in cases of ankylosing polyarthritis or of Paget's 
disease is not justifiable unless there is more evidence of pathologic 
change or dysfunction of the parathyroid glands than has been described 
in reports of cases in the literature. 

Demineralization of the skeleton in cases of polyarthritis may be 
accounted for as atrophy of disuse. 

While removal of tumors of the parathyroid glands has not resulted 
in complete recovery in the reported cases, the symptomatic improvement, 
the chemical evidence of increased retention of calcium, and the roent- 
genographic evidence of increased density of the bones in the cases in 


which observation has been made for a sufficient period after operation 


are results which, as the operative risk is slight, warrant surgical inter- 
vention in cases such as those reported in this paper. Earlier diagnosis 
may lead to more favorable results, especially in the prevention of renal 
damage. 
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POSTTRAUMATIC ACUTE BONE ATROPHY 


A CLINICAL ENTITY 


FRASER B. GURD, M.D. F.R.C.S. (Can.) 
MONTREAL, CANADA 


In 1900 there appeared a publication by Sudeck entitled “Concerning 
Acute Inflammatory Bone Atrophy.”* During the two following years 
the same author contributed two other articles under the titles, respec- 
tively, “Concerning Acute (Reflex) Bone Atrophy Following Inflam- 
mation and Injury to the Extremities and their Clinical Signs” * and 
“Concerning Acute (Trophoneurotic) Bone Atrophy Following 
Inflammation and Trauma of the Extremities.”’* Sudeck was particu- 
larly impressed by the patchy appearance of the bones in the type of 
osteoporosis which he described. Of special interest in this regard is 
the fact that his first article dealt with what he considered to be an 
inflammatory lesion. Although, in consequence of the ease with which 
the condition is demonstrated by means of roentgenographic examina- 
tion, the osteoporotic lesion in the bone is most easily identified, it 
should, I believe, be borne in mind that the bony change is but one proof 
of acute atrophy of other structures. Particularly, I believe, the atrophic 
changes in the ligaments and their attachments about the joints and in 
the cartilage covering the ends of the bones in the articulations deserve 
special attention in an effort to elucidate the problems of cause, preven- 
tion and cure of acute bone atrophy. 

In a former contribution * I expressed the opinion that the impor- 
tance of acute bone atrophy as a cause of prolonged temporary disability 
is not sufficiently well recognized by the majority of surgeons. This 
lack of appreciation of the condition is shown, on the one hand, by its 
receipt of insufficient attention and by the fact that innocent persons 


Read before the Section on Orthopedic Surgery at the joint meeting of the 
American Medical Association and the Canadian Medical Association, Atlantic 
City, N. J., June 13, 1935. 
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are consequently accused of malingering and, on the other hand, by the 
unnecessarily heroic measures that have been recommended and per- 
formed, for instance, amputation and, I believe, sympathectomy, as 
suggested from Leriche’s clinic. 

Since Sudeck’s description in 1900 acute bone atrophy has received 
considerable attention by German authors and, to a lesser extent, in the 
French literature. It was not, I believe, until 1926 that the phenomenon 
was specifically mentioned in the English literature. In January of that 
year Noble and Hauser ° made an important contribution to the subject. 
After the publication of this article no specific reference to the lesion was 
made in the English literature until January 1933, when a very adequate 
consideration of the subject was made by Fontaine and Herrmann ° from 
Leriche’s clinic at Strasbourg. It is not surprising that this contribu- 


tion, having its origin in Leriche’s clinic, recommended sympathectomy 


almost to the exclusion of other methods of treatment. In connection 
with the appreciation of the physiology and pathology of bone, the 
English-speaking medical profession is, I believe, indebted to Moore 
and Key‘ for the translation into English of the valuable monograph 
published in 1926 by Leriche and Policard.* Key,® moreover, in 1933 
contributed an article in which acute bone atrophy is accurately described, 
although individual cases are not analyzed. 

Sudeck, in his original contributions, classified the disease into two 
stages, namely, the acute and the chronic form. It is the acute stage 
which is the more characteristic, more easily diagnosed, and, I believe, 
more susceptible to treatment. 

DIAGNOSIS 

The clinical diagnosis of acute bone atrophy can be presumed on 
the basis of typical signs and symptoms. Comparatively soon after an 
injury, which is usually trivial and is commonly in the neighborhood of 
the hand or foot, the extremity rather suddenly becomes swollen and 
extremely painful, particularly on movement. The skin loses its normal 
markings and becomes glazed in appearance, and discoloration of a 
dusky red appearance is seen. Although it is possible to palpate the 


5. Noble, T., and Hauser, E.: Acute Bone Atrophy, Arch. Surg. 12:75 (Jan.) 
1926. 

6. Fontaine, Rene, and Herrmann, Louis G.: Post-Traumatic Painful Osteo- 
porosis, Ann. Surg. 97:26 (Jan.) 1933. 

7. Moore, Sherwood, and Key, J. Albert: The Normal and Pathological 
Physiology of Bone, St. Louis, C. V. Mosby Company, 1928. 

8. Leriche, Rene, and Policard, Albert: La physiologie normale et path- 
ologique de l’os, Paris, Masson & Cie, 1926. 

9. Key, J. Albert: Local Bone Atrophy, Am. J. Roentgenol. 30:34, 1933. 
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pulse pressure in the blood vessels in the neighborhood of the wrist or 
ankle, it appears evident that the capillaries at least are engorged and 
that an increase in interstitial tension has taken place. 

The joints become stiff, and movements, as stated before, are exqui- 
sitely painful. It is possible to stimulate dispersion of the swelling by 
means of posture. For this purpose, however, a comparatively pro- 
longed period of elevation is required. With absolute rest, particularly 
if disappearance of the swelling is at the same time obtained, relief 
from pain results. In the case of the lower extremity, if unprotected 
weight bearing has been indulged in the whole foot may be, and com- 
monly is, completely flattened; subluxation or, as in cases 7 and 17, 
actual displacement of one or more tarsal bones may be proved. 

Roentgenographic examination made within a few days of the onset 
of the clinical phenomena previously described (as a rule within a few 
weeks of the date of injury) shows characteristic patchy areas of almost 
complete decalcification of the bones. This is most marked in the 
small bones of the wrist or tarsus and in the ends of the metatarsal or 
metacarpal bones and the phalanges. As a rule, also, it is seen that the 
lower end of the leg or the bones of the forearm are also involved in 
the atrophic processes. In the case of the shoulder, the osteoporotic 
process is present in both the scapula and the humerus. As the lesion 
progresses, the rarefaction becomes more complete so far as the small 
bones and the cancellous tissue of the long bones are concerned, so that 
the patchy appearance is lost, and marked rarefaction in the shafts of 
the long bones also becomes evident. This is the chronic, second stage 
described by Sudeck. 


INCIDENCE AND ETIOLOGY 


With regard to the etiology of acute bone atrophy, there is appar- 
ently no racial influence. In my group of cases, Canadians of French 
and Anglo-Saxon extraction constitute the greater number. A com- 
parable number of Jews, Italians and Central Europeans also appear. 
The tables will show that sex, so far as the cases involving the foot are 
concerned, is not of importance. The larger number of males (thirty- 
nine of sixty-four) is accounted for by the considerably greater inci- 
dence of injuries to the feet and ankle joints in men than in women. Very 
striking, however, are the facts that all of the nine cases involving the 
shoulder (reported from the three different clinics reviewed) occurred 
in men, whereas of the nineteen cases in which the hand and carpus 
were involved fourteen occurred in women. The absence of lesions of 
the shoulder in women is less easily explained, I believe, than the 
preponderance of cases involving the hand in women. In my experi- 
ence, at least, Colles’ fracture and its variants occur with considerably 
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greater frequency in women, and among the nineteen cases twelve 
followed injuries of this nature. 

Acute bone atrophy as a posttraumatic phenomenon does not appear 
to occur in children, nor, as a matter of fact, have any cases been 
reported in aged persons. 

The nature of the injury antedating the development of posttrau- 
matic acute bone atrophy is usually comparatively or actually trivial. 
Colles’ fracture or its variant occurred in twelve of the cases involving 
the hand; the injuries in the remaining seven cases were sprains or 
contusions. Among the injuries of the shoulder, contusion alone is 
recorded as being responsible for five of the nine cases. In one, frac- 
ture of the humerus had occurred; in one, fracture of the clavicle 
(fig. 1), and in one, dislocation of the shoulder joint with fracture of 
the great tuberosity. 


TABLE 1.—Tabulation of Cases of Bone Atrophy Reported in English Literature * 


Part of Body 
Age Involved 


A A 


_~ 


No. of Young- Old- Aver ‘e- Shoul- 


F 
Cases est est age Males Males der Hand Foot 


5 41 
Fontaine and Herrmann 23 25 (17) 65 37.7 14 } 8 8 
6 


Noble and Hauser... et 7 19 64 ene 21 26 


Gurd - Soeesve 2 21 38 39.4 19 16 
19 65 38.6 54 3 { 19 65 
* Cases in which the spine was involved have not been included in this résumé. Otherwis« 
the table represents, I believe, all cases reported in English literature susceptible of tabulation. 


Among the injuries-of the lower extremity which anticipated the 
development of the osteoporotic phenomenon, fractures of the ankle 
joint, usually grade 1, and fractures of one of the bones of the foot 
make up the greater number. In one, a needle puncture wound of the 
tarsus, with no roentgenologic proof of injury to the bone, was the 
evident cause, and in several, sprains constituted the only history of 
injury. One of my cases followed fracture of the tibia and one fol- 
lowed fracture of both bones of the leg, and in Noble and Hauser’s 
series two cases are said to have followed fracture of both bones of 
the leg. In twenty-seven of Noble and Hauser’s cases the antecedent 
injury was specifically stated as being minor. 

An attempt has been made to analyze the cases reported and 
observed with a view to determining, if possible, what may be the 
cause or causes of the development of the lesion. There appears to be 
no reason for suspecting a disturbance of the endocrine system, either 
of the pituitary or of the parathyroids, since the phenomenon is essen- 
tially local. There is apparently, also, no reason to believe that any 
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pathologic or unstable condition of the nervous system or of the gen- 
eral circulatory system is in any way responsible. 

Hitherto, unfortunately, the actyal pathologic process of the condi- 
tion has been subjected to few investigations, and unless one accepts 
the experiments of Pavlov (as reported by Noble and Hauser) by 
which he produced softening of the bones in dogs by continuous appli- 
cation of damp and cold to the extremities, a comparable lesion has not 
been produced experimentally in animals. The histologic examination 
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Fig. 1 (case 20)—Roentgenogram showing patchy osteoporosis six months 
after fracture of the clavicle. The patient suffered extreme pain. 


of specimens by Vialleton and by Fontaine and Herrmann show that 
there is a marked diminution of the number and thickness of the bony 
lamellae in the osteoporotic hand. The absorption of bone is apparently 
not the result of osteoclastic activity since the specific phagocytes are 
not seen in any of the preparations. These studies also appear to 
prove that there is a uniform loss of bony substance and not merely a 
depletion of the mineral salts of the bone. 

The actual reason for the bone absorption must, I believe, be pre- 
sumed to be hyperemia. An attempt to discover the cause of the 
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development of the lesion becomes, therefore, one of determining, if pos- 
sible, the reason why a sufficient grade of hyperemia is developed to 
bring about marked halisteresis. The matter is not yet settled, 
although it appears that the hyperemia responsible for the osteolysis is 
the result of nerve stimuli which are transmitted from the traumatized 
tissues through the spinal ganglions. Through reflex channels, there- 
fore, a nimiety of blood supply is induced. 

Tables 2 and 3 indicate the relative incidence in different parts of 
the body, together with certain data with regard to the age spread and 
average age of those in whom the condition has developed. 


Taste 2.—Data for Cases Involving the Hand 


Females 

_ Donn — 2 

No. of Fe- Young- Old- Young- Old- 
Cases Males males est est Average est est 


Noble and Hauser 5 F 38 69 46.0 
Fontaine and Herrman 3G § 41 65 56.8 47 
Gurd ‘ 35 58 50.0 51 


Total { § 35 69 49.9 47 


* Case 4.—The patient, aged 17, presented no history of trauma. A diagnosis of tubercu 
lous osteo-arthritis was made from the roentgenographic picture. The condition, in my opinion, 
is not proved to be acute atrophy of the bones. 


Tanie 3.—Data for Cases Involving the Shoulder 





Age 
No. of — — - — 
Cases Males Youngest Oldest Average 


Noble and Hauser 1 1 - os been 
Fontaine and Herrmann 6 6 : E 47.5 


Gurd. 2 2 b f 43.5 


Total. 9 9 ; 57 46.5 


One type of evidence appears to be usually, or invariably, present in 
the history of those cases which, in my experience, have progressed to 
the exhibition of acute bone atrophy following injury. As already 
stated, the original trauma is usually trivial. There is, however, almost 
invariably a history which suggests either prolonged or repeated insult’ 
to the traumatized tissues. The cases in this series (cases 15 and 19) 
of involvement of the hand and that of involvement of the carpus 
present substantially the same history. In one a severely comminuted 
Colles’ fracture with marked displacement and in the other a com- 
minuted fracture of the reversed Colles’ or Smith’s type was sustained 
approximately twenty-four hours before treatment of any sort was 
instituted. In both cases the patient was brought a considerable dis- 
tance into town from the country by road, without fixation and without 
protection to the injured limb. 
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In four of the seven cases of acute atrophy involving the foot and 
tarsus the lesion was due, I believe, to too early unprotected weight 
bearing with consequent repeated trauma to injured tissues. 

In one case (case 23) I am of the opinion that the patient suffered 
a second injury to a previously fractured ankle joint a few days before 
the development of the acute atrophy and that it was this second injury 
which was responsible for the atrophy. In the case of involvement of 
the shoulder (reported in this series) incomplete fixation with too great 
activity on the part of the patient, with consequent repeated minor 
trauma, is indicated by the history. 

So far as prophylaxis is concerned, it appears that early adequate 
reduction and fixation, and so protection of the tissues from repeated 
trauma, are of prime importance. Also it appears that in each individual 
case the surgeon must attempt to decide whether for a patient already 
subjected to manipulative measures the risk of acute bone atrophy must 
not be balanced against possible improvement in position by further 
intervention. The case reported by Greig and case 10 in my first series 
are significant in this connection. 

A table based on the fourteen cases described by me in 1934* is 
republished here by courtesy of the Annals of Surgery, and a further 
tabulation of ten cases has been prepared (tables 4 and 5). Brief 
reports of five cases follow. It will be noted that in four of these 
cases the fact of continued or repeated insult to the tissues is exemplified. 


REPORT OF CASES 


Case 17.—B. E., aged 42, was injured on Dec. 28, 1933, the medial malleolus 
being fractured. A plaster of paris cast was applied in the orthopedic department 
over padding. The patient was advised to walk on the plaster, to which a metal stir- 
rup was applied. The cast was removed on May 5, 1934. On May 12 marked swelling 
developed, accompanied by great pain and immobility of the foot and ankle. The 
patient had walked a little since removal of the cast, and marked flattening of the 
foot had occurred, with astragaloscaphoid subluxation. Roentgen examination on 
May 12 showed marked acute bone atrophy and complete loss of the arch to the foot 
(fig. 2). The patient was admitted to the hospital ; the edema disappeared when the 
proper posture was employed, assisted by baking. An unpadded plaster of paris cast 
up to knee and a felt heel 1° were applied ; the arch of the foot was reproduced. The 
patient walked well in the unpadded cast with little pain. The cast was removed 
on September 11. Roentgen examination showed marked improvement, and the 
appearance of the foot was much improved, though it was still swollen and tender. 
The arch of the foot was considerably improved, but the joints of the ankle and 
foot were stiff. I believe that a plaster cast should have been reapplied. This, 


10. Gurd, Fraser B.: Treatment of Fractures Involving the Ankle-Joint with 
Special Reference to the Use of the Pillow Splint and Early Weight-Bearing, 
Ann. Surg. 88:260 (Aug.) 1928. 
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however, was not done, but gradual return of function took place, so that on 
April 19, 1935, roentgen examination showed recalcification of bones, and move- 
ments of the foot and ankle joints had largely returned. The patient has gone back 
to work as a city salesman. 


In my opinion, the reason for the acute bone atrophy in this case 
was that the man was permitted to carry out weight bearing on a plaster 


cast which had been applied over padding. Also, destruction of the 
arch had been assisted by inversion of the foot at the time of first appli- 


cation of the cast. As mentioned previously, I believe that a more 
rapid and probably better ultimate result would have been obtained if 
protected weight bearing had been persisted in for a longer period. 





Fig. 2 (case 17).—Roentgenogram showing the second stage of acute bone 


atrophy associated with marked subluxation of the bones of the tarsus. 


Case 19.—L. A. was injured on July 13, 1934, when she fell on the flexed 
wrist. She did not receive any treatment until approximately twenty-four hours 
after the accident. During the interval she drove a considerable distance (60 miles) 
by road to the hospital. Roentgen examination showed a fracture of the reversed 
Colles or Smith type. Reduction was accomplished with the patient under anes- 
thesia ; the limb was placed in supination, and moderate dorsiflexion was employed at. 
the wrist joint. There was no immediate swelling and no considerable amount of 
pain. Progress was satisfactory until one month after injury, when the hand, 
which was still in a plaster cast, somewhat suddenly became swollen and the joints 
of the fingers painful on movement. In the interval, the fingers had been con- 
tinuously exercised and the hand employed for activities not requiring any con- 
siderable strength. Roentgen examination made on September 22 showed marked 
acute bone atrophy. The patient was advised to refrain from any movements of 
the forearm, wrist or hand which might cause pain. Diathermy was employed 
and hot bathing at home. By January 1935 the condition was markedly improved 
clinically, and roentgenographically recalcification seemed to have taken place. 
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Fig. 3 (case 19).—A, roentgenogram showing the original conditions before 
reduction; B, view showing marked patchy osteoporosis two months after injury. 
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When the patient was last seen on April 1, except for a slight deformity due to 
volar tilting of the articular surface of the radius, function of the hand, wrist and 
forearm was substantially normal. 


Unless the fact that during the first twenty-four hours following 
injury this injured extremity was subjected to considerable trauma, 
owing to delay in reduction and fixation, explains the onset of acute 
bone atrophy, I am at a loss to explain the exhibition of the phenomenon 
in this case. 








es 
Fig. 4 (case 23).—The patient was injured on Oct. 27, 1934. A is a roent- 
genogram made on December 11. Note the absence of atrophy of the bone after 
six weeks’ disuse. Second injury occurred on Jan. 23, 1935. B is a roentgeno- 


gram taken on February 7. Note marked patchy bone atrophy two weeks after 
repetition of trauma. 





During February 1935, Dr. Gaylord S. Bates, of Detroit, sent me 
the roentgenograms and history concerning the following case. 


Case 23.—B. O., aged 57, fractured the right ankle joint (external rotation, 
type IIL) on Oct. 27, 1934. Reduction was carried out, and a circular plaster cast 
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was applied, which was bivalved six weeks later. Roentgen examination 
was made on December 11. The picture showed no evidence of important decalcifi- 
cation. Physical therapy was employed for four weeks, and at the end of ten 
weeks from the date of injury weight bearing, with crutches, was allowed. At 
this time, full, free and painless motion was present and but little swelling. 
Clinically, alinement was perfect. On Jan. 24, 1935, the patient received a five 
hour treatment in the fever machine on account of cerebrospinal syphilis. On 
January 23 she turned her ankle; she suffered pain at the time but thought nothing 
of it. On January 25 there was severe pain in the ankle and foot, with considerable 
swelling and some darkening of the skin. When the patient was seen by Dr. 
Bates two weeks later, the foot and ankle were very much swollen, and she com- 
plained bitterly of pain; the foot at that time was quite obviously pronated. Roent- 


gen examination made on February 7 showed deformity and marked patchy bone 
atrophy. 


Dr. Bates in his letter to me stated that the question of Sudeck’s 
atrophy had been immediately considered when the roentgenograms 
were examined, exhibiting as they did the picture of patchy osteoporosis 
associated clinically with intense pain, swelling and loss of function. I 
believe that the injury reported by the patient as having occurred on 
January 23 was more likely to have been responsible for the onset of 
the condition than the use of the fever machine. The pictures taken 
in January show, moreover, that the almost perfect reposition of frag- 
ments shown had been lost. 


Dr. R. C. Moehlig, of Detroit, furnished the description and roent- 
genograms of a very interesting case. 


Case 24.—On June 24, 1934, a syringe with a long needle fell on the foot of 
the patient, aged 46, and the needle penetrated the foot between the tarsal bones 
for at least 2 inches (5 cm.). The same evening the patient suffered a chill 
and marked pain in the foot. The pain became very severe, % grain (0.032 Gm.) of 
morphine being required to relieve it, and the swelling increased for about a 
week.. The skin became shiny, and later cyanosis developed. Two weeks after 
injury roentgen examination, made with a portable unit, revealed rather marked 
osteoporosis of the tarsal bones next to where the needle had entered. On August 
20 further roentgen examination showed well marked, patchy bone atrophy, 
involving all the bones of the tarsus, the metatarsus and the phalanges (fig. 5). 
Physical therapeutic measures were instituted, and one month later pain in the 


foot was slight and was improving, the swelling was lessening and the normal 
pink color had returned to the foot. 


Although Greig ** did not use the expression acute bone atrophy, or 
any comparable term, he did refer to the fact that comparative hyper- 
emia in disused bones may be not a purely passive phenomenon but an 
active one—one which is reflex through the autonomic nerves bringing 
about an active dilatation of the blood vessels. He stated that one of 


11. Greig, David M.: Clinical Observations on the Surgical Pathology of 
Bone, Edinburgh, Oliver & Boyd, 1931. 
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the most familiar examples of such osteoporosis is that seen after 
Colles’ fracture, as a roentgenogram taken a week or ten days after 


the injury may show decalcification of the cancellous extremities of 


all the metacarpal bones and the phalanges. 

He published a picture which is an example, I believe, of the con- 
dition forming the subject of this essay. The history, also, is that 
which is to be expected in cases of acute bone atrophy. 





\ — 





Fig. 5 (case 24).—Roentgenographic appearance two months after a needle 


puncture wound of the tarsus. 


A female post-office telegraphist, aged 41 years, sustained Colles’ fracture of 
the left arm, and the nature of the injury being overlooked, healing took place with 
such deformity as to incapacitate her entirely for her duties. Two months later a 
roentgenogram showed the bones of normal consistency. The malposition of the 
displaced fragment was rectified by open operation and after a week’s interval a 
roentgenogram showed a localized decalcification of the carpus, the distal extremi- 
ties of the radius and ulna and of the contiguous extremities of all the meta- 
carpal bones and phalanges. 
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COMMENT 


Watson Jones and Roberts ** published reproductions of roentgeno- 
grams made in two cases of Colles’ fracture (p. 468, fig. 314). One 
of these pictures shows marked patchy bone atrophy, particularly of 
the carpal bones and the ends of the metacarpals. They expressed the 
opinion that decalcification in this case was due to disuse of the limb, 
since it had been immobilized by splints, whereas in the other case the 
extremity had been so fixed in plaster of paris that function of the 
hand had not been seriously interfered with. I believe that the authors’ 
statement of the reason for this decalcification is not correct, and I am 
of the opinion that the one case was, in fact, an example of acute bone 
atrophy, although the reason why the condition should have occurred 
in this case is not evident, as no history is given. 

In April 1934 a contribution by Donald Gordon of New York 
appeared under the title “Disability Due to Swelling Following Trauma 
of the Extremities.” Gordon and I agree that the disability which fol- 
lows in certain traumatic cases is associated with swelling; we differ, 
however, as to the relationship. Gordon believes the swelling to be 
the primary cause of the changes which are set up in the limb, whereas 
I am of the opinion that this phenomenon is one of the more easily 
demonstrated results of the presence of those changes which have been 
described under the heading of posttraumatic acute bone atrophy. 
Another essential difference in the views of Gordon and myself is that 
whereas the former believes that ischemia is responsible for initiating 
the condition, in my opinion the evidence seems to prove that excessive 
circulation, or to use Greig’s terminology, a nimiety of blood supply to 
the part, is the essential primary cause. 

The results of treatment appear to prove that the process of 
acute bone atrophy is reversible; the length of time required to bring 
about clinical cure is likely to be prolonged for from six months to an 
even longer period. With reference to treatment, I believe that the 
most important memorandum is that pain should be avoided and, more 
particularly, that anything in the nature of forcible manipulation, either 
with or without an anesthetic, should be excluded. 


In the case of the upper extremity, if further insult to the tissues 
is avoided the course is toward repair. The patient should be warned 
that no painful movements of any sort should be undertaken. I have 
employed both snugly fitting unpadded plaster casts and physical thera- 
peutic measures, especially diathermy with hot bathing at home. The 
latter procedure, as a rule, pleases the patient better and also is followed 


12. Jones, R. Watson, and Roberts, R. E.: Calcification, Decalcification and 
Ossification, Brit. J. Surg. 21:461 (Jan.) 1934. 
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by rather better results. In the case of the lower extremity, | am con- 
vinced that the unpadded walking plaster cast, which is applied after 
absolutely all interstitial edema has been disposed of and to which a 


felt heel has been added, is the method of choice. If care is applied 


to remodel the foot, particularly with reference to overcoming prona- 
tion and flattening of both arches and if the patient walks sufficiently, 
the results are satisfactory. 

[ have had experience with sympathectomy as recommended by 
Fontaine and Herrmann in but one case. In this case the result was 
not favorable ; at the same time the evidence which these authors supply 
cannot be ignored. 


ABSTRACT OF DISCUSSION 

Dr. E. W. Ryerson, Chicago: Sudeck’s atrophy has a tremendous bearing on 
cases involving compensation, insurance, etc. A study of the condition will clear 
up questions of malingering to a high degree. 

[ have seen a number of cases of this particular variety of atrophy, and it is 
extremely troublesome. Only comparatively recently have I become aware of the 
existence of Sudeck’s atrophy as a clinical entity. No one knows the exact cause. 
Dr. Gurd pointed out an extremely important feature, that while the roentgeno- 
gram demonstrates definite atrophy of the bone, it does not demonstrate what I 
am sure is equally present, great atrophy of the ligamentous structures. The case 
presented by him in which the foot was involved was very convincing because 
the flattening of the arch was due not to the bone atrophy, as the bones remained 
intact, but to the ligamentous atrophy, which, unfortunately, had not been well 
shown by any of the pathologic reports. 


It is unfortunate that in so many cases it is necessary to use plaster of paris 
to immobilize the affected joints sufficiently. Plaster of paris is distinctly inhibi- 
tive to the formation of bone. Calcium is absorbed in the bones when circular 
plaster of paris casts are applied, and it is unfortunate that splints or plaster casts 
with windows cut in them cannot be used more uniformly, so that the treatment 
which I believe to be extremely important, that with sunlight or imitation sun- 
light, can be applied. The giving of large doses of calcium in any of the newer 
forms might be of advantage, but rest is the main feature of importance. 

The use of sympathectomy or interruptions of the autonomic nervous system 
seems to me to be contraindicated in cases of Sudeck’s atrophy, because there is 
already too active a circulation. The word “nimiety” was new to me. I there- 
fore went to the exhibit downstairs and looked into the two largest medical 
dictionaries, neither of which features “nimiety.” I judge that it means an 
excessive amount. 

One more feature is that in most of these cases the atrophy is confined to the 
bones making up the affected joints and not to the diaphyses or any other bones 
in the skeleton; this shows that this unusual and interesting disease is not con- 
nected in any way with involvement of the parathyroid glands. 


Dr. Rovert V. Funsten, University, Va.: Since hearing Dr. Gurd’s paper 
I have a clearer understanding of posttraumatic acute atrophy of the bone than I 
have ever had before. He has gone carefully through the chronological develop- 
ment of this particular syndrome into a clinical entity and has established a 
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clear clinical, diagnostic and etiologic standard for the disease. As I review from 
memory cases which I recognize now to have been instances of posttraumatic 
acute bone atrophy, I wish that I could have had the advantages of Dr. Gurd’s 
suggestions as to treatment. 

My impression has been that there were two types of the disease—one occurring 
within two or three weeks after injury and showing rather extensive changes in 
the calcium in the affected bones and the other occurring at a later period after 
injury. Concerning the former, I should like to show a roentgenogram that was 
taken of a man 65 years of age three weeks following his injury. This roent- 
genogram shows extensive decalcification with blurring of the structure of the 
bones, which was not present in the roentgenogram taken at the time of his 
injury. In this roentgenogram calcified vessels may be seen also which seemed 
significant to me. Dr. Gurd considers hyperemia to be one of the etiologic factors. 
I should like to ask him if the reversal of this could also produce similar changes 
in bone from this cause rather than the ischemia which develops as a result of 
swelling, as suggested by Greig. 


Dr. RALPH G. CaArorHers, Cincinnati: In the fracture service at the Cincinnati 
General Hospital Dr. Herrmann advises sympathectomy in most instances, whereas 
Dr. Gurd has used nonoperative methods in his cases. The discrepancy of these 
two points of view is more apparent than real. There are many persons with post- 
traumatic osteoporosis who will get well without treatment. Physical therapy will 
without doubt cure many others, but sympathectomy in cases accompanied by great 
pain will, I believe, relieve the pain earlier and certainly hasten the cure. Thirty- 
seven cases have been referred to Dr. Herrmann in thirty months, but he operated 
only on the younger patients of this group. The average time at which these 
patients returned to work was three months. The others, whose general con- 
dition and age contraindicated operation and who were treated by physical therapy 
alone, were slower in recovering, though in most cases the condition was of the 
milder type to begin with. The patients operated on were those who suffered from 
a painful swelling which was made worse by splinting and rest and was unrelieved 
by physical therapy. These were patients who had torn off splints and for 
whom casts had been changed and all manner of measures had been carried out 
in an attempt to give relief from pain. As the pain was of visceral origin, it 
was difficult to obtain relief except with the administration of morphine. Further- 
more, by the uninitiated the reason for the pain cannot be appreciated, and many 
patients have been unjustly tagged malingerers. A few cases will illustrate my 
point. 


Case 1—The patient did not suffer from acute painful posttraumatic 
osteoporosis and had no swelling, changes in color and no pain in the foot. How- 
ever the roentgenogram showed marked osteoporosis of the foot, which had 
followed a compound fracture of the tibia with infection. 


Case 2.—A young man was seen six weeks after a fracture of one of the small 
bones. The position of the fragments was perfect, but the roentgenogram showed 
marked osteoporotic changes. There were some swelling, typical changes in 
color and great pain. The pain had been present since the injury, and the patient 
had gone from one physician to another seeking relief. Splinting had been 
ineffectual; so had diathermy, infra-red rays and massage. I advised operation 
on the brachial artery, which the patient refused. He was not seen again, but I 
have learned that he went from one office to another, trying every sort of treat- 
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ment except the one which I believed would cure him, and finally had the arm 
amputated. 


Case 3—A woman about 50 years of age had had her shoulder moved, under 
gas anesthesia, to break up adhesions. About six weeks later, while she was still 
wearing an aeroplane splint and receiving physical therapy, osteoporosis developed 
in the hand. Rest, heat and medication for what was thought to be arthritis gave no 
relief. In this case the roentgenogram revealed the true condition. Sympathectomy 
gave complete relief from pain. 

Case 4—A woman about 65 years of age suffered Colles’ fracture. Reduc- 
tion was good, and she made uneventful progress. Soon after the cast was 
removed, swelling, changes in color and other signs of osteoporosis developed. 
A roentgenogram showed osteoporosis, but also that union of the fracture was 
not complete. Replacement of the splint gave relief; so did heat and massage. 
These measures were carried out with complete cure. 

Case 5.—A woman, aged 50, received a small chip fracture in September. 
She was first seen early in November. Roentgenographic changes were slight, 
but the clinical picture was marked. Sympathectomy was done, and relief was 
almost instantaneous, but swelling and color changes subsided slowly. How- 
ever, four months later there was complete cure clinically. My associates and I 
have found almost invariably that the patient has discovered some position in which 
he holds the limb in an attempt to get relief. This position differs with each 
patient. 

ABSTRACT OF DISCUSSION 

Dr. Puiip Lewin, Chicago: I want to ask Dr. Gurd whether cold applications 

or local anesthesia have any place in the prophylactic treatment of this lesion. 


Dr. Fsaser B. Gurp, Montreal, Canada: I am sure that all appreciate that 
I purposely avoided discussing treatment, and, with permission, I shall continue to 
side-step this question, apart from reiterating again my conviction that any 
form of treatment which is accompanied by pain, or would be accompanied by 
pain if an anesthetic were not used must be avoided at all costs. 

Although this is the place, there is not, I believe, the time to discuss Dr. 
Ryerson’s question as to the use of plaster of paris casts. I prefer the use of 
circular plaster of paris casts as an immediate treatment of most fractures below 
the knee. 


“Nimiety” is a word used by Greig. It is defined in the Oxford dictionary 
and does, as Dr. Ryerson assumed, mean excess or redundancy. I assumed that 
perhaps others might not know the meaning of the word “nimiety,” consequently 
I always use the word “hyperemia” at the same time when talking of “nimiety” of 
the blood supply. 


With regard to Dr. Funsten’s case, I am not sure as to the diagnosis. One 
important bit of evidence one would like to know in connection with it is the 
extent to which the patient ultimately recovered function and the length of time 
required for that condition to be brought about. 

Dr. Carothers’ presentation was so complete in itself that I do not think that 
there is any particular reason for my taking up the matters discussed by him, 
unless it were the question of sympathectomy, and, as I have already indicated, 
I do not believe there is time at the present moment to discuss it. 

In the case presented by Dr. Carothers in which there was typical moth eaten, 
flaky atrophy of osteomyelitis of the tibia, I refer again to my first remarks in 
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quoting Sudeck’s titles of his first two original articles. This condition unquestion- 
ably occurs in any condition in which there is “nimiety” of the blood supply, or 
hyperemia, whether due to staphylococcic or tuberculous infection. But the problem 
being discussed is why one sees similar conditions in cases in which there are 
no tumors or acute inflammatory change with its accompanying “nimiety” of 
blood supply. 

In regard to the use of cold applications and local anesthesia, I do not know 


whether cold applications are valuable and I have had no experience with local 
anesthesia. 














EARLY ASYMPTOMATIC ACOUSTIC TUMOR 


REPORT OF SIX CASES 


MARY HARDY, D.Sc. 
AND 
CROWE, M.D. 


BALTIMORE 


In Cushing’s* book “Intracranial Tumours,” published in 1932, the 
term “‘acoustic tumour” was used to describe the growth which originates 
in that portion of the acoustic nerve which lies within the internal audi- 
tory canal. Dr. Cushing stated that histologically such a tumor resem- 
bles those seen in other parts of the body in Recklinghausen’s disease, 
that it is probably congenital and that clinically a loss of vestibular 
response to caloric tests is an early objective sign which precedes com- 
plete loss of hearing. 

As an acoustic tumor increases in size, the nerves in the internal 
auditory canal (cochlear, vestibular, facial and intermediate nerve of 
Wrisberg), together with the internal auditory artery, which is the main 
source of blood supply for the inner ear, are compressed against the 
bony wall of the canal, and an increasing impairment of function results. 


Indeed, the pressure of the growing tumor often enlarges the auditory 


canal; this is sometimes seen in roentgen films. An acoustic tumor 
may grow toward the brain stem, occupy the cerebellopontile angle and 
give rise to symptoms caused by involvement of other cranial nerves. 
Cushing made a distinction, however, between the acoustic tumor which 
originates from the nerves deep in the auditory canal and the choles- 
teatoma, glioma and other types of new growth that may occupy the 
cerebellopontile recess. 

In our investigation of the middle and inner ear, we have since 
1924 been collecting and making serial sections of temporal bones, in 
order to correlate histologic structure with antemortem clinical tests 
of hearing and vestibular function. The tests for hearing are made 
with the Western Electric 1-A or 2-A audiometer, tuning forks and the 
voice. When the patient is not too ill the tests are made in a sound- 
proof room. Masking is used to insure that the record of hearing for 
each ear is accurate. The only studies on vestibular function have been 


From the Otological Research Laboratory of the Johns Hopkins University. 


1. Cushing, H.: Intracranial Tumours, Springfield, Ill., Charles C. Thomas, 
Publisher, 1932. 








HARDY-CROWE—ASYMPTOMATIC ACOUSTIC TUMOR 293 


made with the caloric test. Approximately eight hundred pairs of tem- 
poral bones have been collected and sectioned. A detailed study of 
serial sections in two hundred and fifty unselected cases disclosed that 
in six there was an acoustic tumor which did not give rise to clinical 
symptoms. The tumors were so small and so deep in the internal audi- 
tory canal that they were overlooked at autopsy and at the time the 
gross specimens were described in the laboratory. 
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Fig. 1—A semidiagrammatic drawing of the human labyrinth and its innerva- 
de tion, showing especially the branching pattern of the vestibular nerve (Hardy, 
he M.: Anat. Rec. 59:403, 1934). Reference should be made to this representation 
d- of the normal condition in studying figures 5, 8, 9, 11, 13 and 14. 
or 
en The diagrammatic drawings show for each case the size of the tumor, 
: its point of origin and its relations to the nerves in the internal auditory 
nf canal as determined from the serial sections. In four of the six cases 


the tumor arose in the vestibular nerve (figs. 5, 8, 9 and 11). In one 
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case (fig. 13) there was a growth on each side that seemed to arise 
from the meninges (meningioma). The tumor in the remaining case 
(fig. 14) differs from all others we have seen in this locality in that it 
contains glial tissue and large nerve cells: Dr. Adolf Meyer expressed 











Fig. 2—Photomicrograph of a section through an angiomatous network of 
blood vessels in the ganglionic region of the inferior division of the vestibular 
nerve; X24. 





Fig. 3 (case 1).—The inferior division of the vestibular nerve is seen in this 
section as spread out in a crescent-shaped band on the side of the tumor. The 
other nerves and the inner ear were normal; <7. 


the opinion that the growth originated from misplaced sympathetic gang- 


lion tissue. 

An angiomatous-like network of blood vessels, similar to that shown 
in figure 2, was observed in three of the cases in which a tumor was 
present and in seven others of the 250 cases in which examination 
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was made. As a rule this vascular network lies in or around the 
vestibular rather than the cochlear or facial nerve. No evidence of 
vestibular irritation was noted in any case in which a tumor or a network 
of blood vessels in the nerve was observed. 








L 


Fig. 4 (case 1).—The invasion of the vestibular nerve in the region of Scarpa’s 
ganglion is well seen at this magnification (130). Histologically the tumor was 
identical with large acoustic tumors that give rise to severe symptoms. 


Fig. 5 (case 1).—This and the other outline drawings (by Max Brédel) 
show the location and the approximate size of each tumor in relation to the 
labyrinth as a whole. (For complete labeling of the parts, see figure 1.) 


REPORT OF CASES 


Case 1—A Negro aged 30 was admitted to the medical service of the Johns 
Hopkins Hospital in October 1928, with syphilitic aortitis and hypertension. The 
patient made a definite statement that he had had no vertigo or tinnitus. Tests 
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with the audiometer, tuning forks and the voice, made by Dr. C. C. Bunch, showed 
normal hearing in both ears. On account of the patient’s condition and in the 
absence of either vertigo or nystagmus, a caloric test was not made. 

The growth was on the left side and arose in the inferior division of the 
vestibular nerve. It was about 2.5 mm. at its greatest diameter. There was no 
evidence of a new growth on the right side. The involvement of the nerve 
and the size of the tumor in relation to the size of the internal auditory canal at 
this point is shown in figure 3. In figure 4 the growth is seen invading the 
ganglion of the inferior division of the vestibular nerve. The location of the growth 
and its relation to the other nerves are shown in figure 5. 

In this patient a new growth, which invaded a branch of the vestibular nerve, 
did not give rise to subjective or objective clinical symptoms. The growth for the 











Fig. 6 (case 2)—At the level of this section, through Scarpa’s ganglion, 


both divisions of the vestibular nerve were infiltrated by tumor cells, and by the 
angiomatous network of blood vessels; <7. 


most part was outside the nerye, but it was not attached to any of the adjacent 
structures. 

Case 2—A man aged 64 had bilateral adrenal tumors (neuroblastoma) 
and died of pneumonia about two weeks after operation. When his hearing was 
tested, in November 1930, the patient was ill and very emaciated. Neither tuning 
fork nor vestibular tests were made, but the tests with the audiometer showed 
hearing to be within the limits of normal on both sides. The patient had never 
had vertigo, and nystagmus was not observed. 

The growth was on the left side. It had invaded both divisions of the ves- 
tibular nerve, as shown in figures 6, 7 and 8. Some of the ganglion cells in 
Scarpa’s ganglion had been destroyed. This was one of the cases in which both 
a tumor and an extensive angiomatous network of blood vessels in the nerve 
were observed. The greatest diameter of the growth was 5 mm. The tumor 
did not involve the cochlear nerve. When the brain was removed the nerves 
in the internal auditory canal of the opposite side were pulled out, so we 
have no definite information as to whether the tumor was unilateral or bilateral. 
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In this patient there was extensive involvement of both divisions of the 
vestibular nerve at the level of Scarpa’s ganglion, but clinically there was no 
evidence of vestibular irritation. 

Cast 3—A Negro aged 78 in December 1929 was admitted to the medical 
wards of the Baltimore City Hospital (Bay View) with chronic myocarditis 
and senile dementia. It was difficult to obtain a reliable history or to make 














Fig. 7 (case 2).—This is a portion of the section shown in figure 6 at higher 
magnification; ><130. This area shows normal nerve fibers and ganglion cells 
in close relation to the tumor cells. 
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Fig. 8 (case 2).—The greatest diameter of this, the largest of the six tumors, 
was about 5 mm. 


accurate tests of hearing. The responses to vestibular caloric tests, however, 
were normal on both sides. 

The tumor was on the right side and was less than a millimeter in diameter. 
It lay between the cochlear nerve and the inferior division of the vestibular 
nerve, as is shown in figures 9 and 10. Histologically it was identical with the 
growth in case 1 (fig. 4). The growth had not invaded either the vestibular 
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or the cochlear nerve but was attached to both. We are unable to determine 
the exact point of origin. In this case there was also a network of blood vessels 
in the neighborhood of the tumor (fig. 10). 

The patient was an old man with a very small tumor, which either had been 
present for a short time or had had an exceedingly slow rate of growth. Mitotic 
figures were not seen in the sections of this or any of the other tumors reported 
on in this paper. 


Fig. 9 (case 3)—This very small tumor was located between the cochlear 
nerve and the inferior division of the vestibular nerve proximal to Scarpa’s 
ganglion. 











Fig. 10 (case 3).—This section passes through the greatest diameter (0.7 mm.) 
of the tumor, and shows its close relationship to the cochlear nerve and to the 
inferior division of the vestibular nerve; <7. 


Case 4—A white woman aged 61 died in April 1931 of chronic nephritis 
and hypertension. The general condition of the patient, who was on the verge 
of uremia, was such that complete functional tests were not made. The audiom- 
eter test showed that the hearing was the same for both ears, and the vestibular 
caloric test caused a normal response on each side. 
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The tumor, which was on the right side, was extremely small (fig. 11). It 
originated in the region of the isthmus of Scarpa’s ganglion and histologically 
(fig. 12) was very similar to the growths in the preceding cases. An abnormal 
network of blood vessels was seen in the vicinity of the tumor. 

This was the smallest acoustic tumor we have seen. It originated in the 
vestibular division of the eighth nerve. 

Case 5.—A Negro aged 37 died in January 1931 at the Baltimore City Hospital 
{Bay View) of pulmonary tuberculosis. The audiometer test, made three weeks 


Fig. 11 (case 4).—This was the smallest tumor of the group; it lay entirely 
within Scarpa’s ganglion. 














Fig. 12 (case 4)—This section shows the tumor at its greatest diameter 
(0.25 mm.), with normal nerve fibers and ganglion cells of the vestibular 
nerve; 130. 


before death, showed normal hearing for low tones and some impairment bilaterally 
for the frequencies above 256 double vibrations. There was no history of tinnitus 
or of vertigo. The patient was quite ill. Spontaneous nystagmus was not noted. 
The caloric vestibular test caused normal reactions on the right but a retarded and 
very feeble nystagmus on the left side. 

The tumor differed from those described previously in that it was bilateral 
and involved the cochlear rather than the vestibular division of the acoustic 
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nerve. The growth seemed to arise from the dura covering the bony ridge (crista 
transversa), which separates the cochlear from the facial nerve. It was difficult 
to make this relationship clear in the drawing (fig. 13). The sections showed 
that the growth passed downward across the fundus of the internal meatus from 
its attachment to the dura and involved a few small bundles of the cochlear 
nerve just before they entered the cribriform plate. Histologically the tumor 
cells resembled those seen in the tumors previously described. 


iff —< Fe) 
my a Crista transversa 
~ -; Tumor 


Fig. 13 (case 5).—This elongated small tumor, attached to the dura mater 
covering the crista transversa, involved a few bundles of cochlear nerve fibers; 
these are too small to be represented in the drawing. The dura of the internal 
auditory canal is schematically shown in this drawing. 


Fig. 14 (case 6)—This tumor, which differed histologically from the other 
five, pushed aside part of the cochlear nerve but did not invade its substance. 


Case 6—A Negro aged 28 was admitted to the Baltimore City Hospital 
(Bay View) with advanced pulmonary tuberculosis. The Wassermann reaction 
was positive. The patient had never had difficulty with his ears. The audiometer 
test, made by Dr. C. C. Bunch in March 1929 (one month before death), 
showed hearing within normal limits. The reactions to the tuning fork test were 
also normal. Vestibular tests were not made. 
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The tumor was on the right side. As shown in figure 14, the growth did 
not invade but pushed aside the cochlear nerve. The growth was traced from the 
internal meatus through an opening in the cribriform plate to a nodular expansion 
above the group of cochlear ganglion cells supplying the upper basal coil. The 
nerve structures in this region also were not destroyed but were pushed aside. 
Figure 15 shows that the tumor contained glial tissue and nerve cells with marginal 
Nissl bodies. 

The acoustic nerve on the left side was pulled out at autopsy; so we do 
not know whether or not a similar growth was present in the internal auditory 
canal on this side. There was no tumor in the modiolus. 














Fig. 15 (case 6).—This is a section of a typical area of this unique tumor, 
which consisted of glial tissue with scattered nerve cells. A process of one of these 
cells is caught in the plane of the section; 130. 


SUMMARY 


Examination of serial sections of the temporal bones in two hundred 
and fifty cases revealed a small acoustic tumor in six. Each growth was 
entirely within the internal auditory canal. The largest was about 5 mm. 
in diameter and the smallest about 0.25 mm. 

The vestibular nerve was involved by four of the tumors and the 
cochlear nerve by two. 

Histologically, five of these tumors were alike in cellular structure ; 
they resembled large tumors found on the acoustic nerve and in the 
cerebellopontile angle. The sixth tumor was different from any growth 
we have seen in this locality. 

An angiomatous network of blood vessels was present in three 
cases in which there were tumors and in seven of the other cases; 
the network involved the vestibular nerve. 

These lesions, both the tumors and the angiomatous network, were 
asymptomatic. Irritative symptonis are not produced by growths that are 
too small to cause compression of the contents of the internal auditory 
canal. 








SURGICAL TREATMENT OF CHRONIC ULCERATIVE 
COLITIS 
WITH SPECIAL REFERENCE TO APPENDICOSTOMY OR CECOSTOMY 
TUBE IRRIGATION 


CARL A. KUNATH, M.D. 


IOWA CITY 


Twenty years ago ulcerative colitis was considered a disease belong- 
ing exclusively in the field of internal medicine, and the surgeon was 
called on to treat only certain complications that arose. The treatment 
of the disease process itself by surgical procedures is, relatively speak- 
ing, still in its infancy and has not yet reached the stage of universal 
acceptance. If one follows the history of the subject one sees surgical 
procedure after surgical procedure rise with a wave of enthusiasm only 
to be forced into the background by some innovation in medical treat- 
ment. The large number of methods of attack in use today, together 
with the high mortality that still prevails, make it obvious that the ideal 
method of treatment has not yet been discovered. 

In general, the surgical procedures that have been developed aim 
at one of three things: (1) to provide an avenue for direct irrigation 
of the diseased bowel (e. g., appendicostomy) ; (2) to establish a con- 


dition of physiologic rest for the diseased bowel by diverting the fecal 
stream (e. g., ileostomy) ; (3) to eradicate the disease by total or partial 


colectomy. On the whole, the results have been far from encouraging, 
and the tendency has been for the surgeon to advise more and more 
radical procedures earlier in the course of the disease. In reviewing 
the literature on this subject it seems that ileostomy is the treatment 
accepted in most of the leading clinics dealing with this disease. How- 
ever, colectomy appears to be gaining favor rather rapidly. 

For reasons to be discussed later, we in this clinic have, during the 
past four years, treated a number of patients for chronic ulcerative 
colitis by a more conservative form of therapy, namely, the establish- 
ment of an appendicostomy or a cecostomy with subsequent irrigation 
of the diseased bowel through a tube. This is by no means a new 
procedure, but it has provided a convenient method of comparison with 
the more radical procedures and has enabled us to draw a few con- 
clusions about the disease in general. 


—_—» 


From the Surgical Service of the University Hospitals, University of Iowa. 
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VITAL STATISTICS 

We now may review a series of thirty-five cases of ulcerative colitis 
in each of which some operative procedure was done as a direct attack 
on the colitis. The cases were proved by proctoscopic and roentgeno- 
logic examination to be of the true “idiopathic” type. The vital statistics 
of the entire group are as follows: 

There were fourteen males and twenty-one females. All were white 
with the exception of one colored female. The average age at the time 
of operation was 30 years, the youngest patient being 5% years old 
and the oldest 58 years. Most of the patients had been admitted to the 
hospital on previous occasions, the number of admissions ranging from 
none to six, the average being one. During recent years there has been 
a tendency to operate sooner, and the medical department is apt to refer 
the patient to the surgeons at once rather than to give prolonged trial 
to a medical regimen. The average duration of the disease at the time 


TABLE 1.—Mortality Classified as to Phase of Disease Treated by Operation 


Patients Dead 
eA oat wnat — Patients 


Total -—— 





Group Number Early Late Total Living 
1. Patients operated on during an 12 6 3 9 3 
acute phase of the disease (75%) (25%) 
2. Patients operated on during a 23 4 3 7 16 
ehronic phase of the disease (30.4%) (69.6%) 
BE Mdpind thie cancnadecetéeure 35 10 6 16 








of operation was three and one-fourth years, the longest duration being 
fifteen years and the shortest one month. Forty-one operative pro- 
cedures were performed on the thirty-five patients ; several patients had 
two or three operations. These forty-one operative procedures included 
twelve ileostomies, seven colostomies, one ileosigmoidostomy, six cecos- 
tomies, thirteen appendicostomies and two colectomies. There were also 
five plastic operations for prolapse, herniation, fecal fistulas, etc. 
Table 1 shows the patients classified according to the clinical picture 
presented at the time of operation. About a third of them were operated 
on during an acute phase of the disease. Three of these were seen 
during their first fulminating attack; the others were seen during an 
acute exacerbation of a chronic process. Four patients had associated 
acute complications which. included perianal and perirectal abscesses, 
intestinal obstruction, acute infectious arthritis and otitis media. Four 


patients had a chronic type of complication, such as stricture, fistula 
in ano and rectovaginal fistula. 


MORTALITY 


The patients who died have been divided into early and late groups 
depending on whether they died in the hospital as a result of operation 
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or some time after returning home. The mortality rate for the entire 
group is 46 per cent. There were ten early deaths, which occurred 
from one to twenty-four days following operation, the average interval 
being eleven and one-third days. Permission to perform an autopsy 
was secured in seven of the ten cases. Peritonitis stood first as the 
cause of death, being the diagnosis in 70 per cent of the cases. In four 
cases the peritonitis was generalized; in three it was localized with 
abscess formation. Definite perforation of the bowel was found in only 
two cases; in another there was a perforation of the bladder. Other 
causes of early death were pulmonary infarction and bronchopneumonia. 
In one case in which permission to perform an autopsy was not granted 
death was probably due to general debility and depletion from the 
colitis itself. 

There were six late deaths, which occurred from seven months to 
four and one-fourth years after operation, the average interval being 


TABLE 2.—Mortality Classified as to Various Operative Procedures 


Total Mortality 
Number of — a 
Operation Operations Early Late Total 


lleostomy.. ‘ ‘ 1 4 10 (83%) 


Colostomy.. 7 ‘ 0 2 (29%) 
l 


lleosigmoidostomy ‘ ea 0 0 
Appendicostomy or cecostomy aie 19 y 2 4 (21%) 


Colectomy. : : 2 0 0 
Total osnaee 41* 6 16 


* On 35 patients. 


two and one-third years. These patients died at home, and the cause 
of death is therefore not certain. Two of the deaths were probably 
due to a continuation of the colitis with possibly some intercurrent 
infection. Two deaths occurred as a result of operations performed in 
other hospitals at which time the ileostomies were taken down and the 
continuity of the bowel restored. One patient died of penumonia and 
diabetic coma. In another patient a thrombosis of the arteries to both 
legs developed and death followed extension of the thrombus up the 
lower part of the aorta. As is shown in table 1, the largest percentage 
of deaths occurred in the acute cases. 

Table 2 presents figures for the mortality associated with the various 
types of operative procedures used. The most startling figure is that 
for the ileostomy group which shows a mortality of 83 per cent. It 
is also somewhat surprising to note that appendicostomy and cecostomy, 
generally considered the most conservative of all surgical procedures, 
carried a mortality of 21 per cent. 
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STATUS OF LIVING PATIENTS 














There are nineteen patients, or 54 per cent of our series, who are 
living, and we were able to make follow-up examinations or to obtain 43 
reports on all of these. Classified as to type of disease (table 3), most 
of them fall into the group with chronic colitis. On the basis of their 
present status they have been classified in four groups: (1) those who 
failed to improve and are now the same or worse than they were before 





TABLE 3.—Status of Living Patients Classified as to Phase of Disease Treated by 
Operation 
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TABLE 4.—Status of Living Patients Classified as to Operative Procedures * 
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operation ; (2) those who improved to a certain level following opera- 
tion but in whom the improvement has now ceased; (3) those who 
are still improving, and (4) those who are clinically well. The patients 


in the last group are symptom-free and show definite evidence of the 
permanency of this state. 7m 


Table 4 shows these results according te the type of operative pro- i 
cedure used. Several of the patients have had more than one operation i 
and are therefore classified according to the last procedure carried out. t 


It is interesting to note that all three of those patients who failed to 
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improve following operation were treated by the irrigation type of 
therapy. It is also noteworthy that two of the three patients who were 
called “clinically well” have had colectomies. 


CASE STUDIES 

As might be inferred from the foregoing tables and the comment, 
there has been a tendency in this clinic during the past four years 
to treat more of the patients by the irrigation technic, using either an 
appendicostomy or a cecostomy for this purpose. This trend has been 
brought about not only by the higher mortality connected with the more 
radical procedures but by the distressing conditions that we have seen 
as a result of ileostomy. It has not been uncommon in our experience 
to have a patient tell us that he would rather be dead than go on living 
with the opening into the ileum; we have had to admit in certain cases 
that the patient was probably justified in such a statement. It is chiefly 
for this reason that we have returned to a more conservative form of 
therapy, and at this time report a series of eighteen cases in which 
colitis was treated in this way. We have analyzed this group of cases 
rather closely to determine, if possible, whether or not such temporiza- 
tion was justified. The few facts that we have learned can be brought 
out best by a few isolated illustrative case studies. 

Case 1—A 22 year old man entered the hospital with very advanced ulcerative 
colitis of two years’ duration. He was having as many as twenty-four stools 
daily, containing blood and pus. He had lost 30 pounds (13.6 Kg.) and showed 
all the signs of depletion. An appendicostomy was done, following which the 
course was stormy. Irrigations were carried out but seemed to aggravate rather 
than improve the condition. After a trial of this therapy for about five weeks 
without much improvement, an ileostomy was done. This was followed by marked 
improvement with gain in weight and strength. He continued to bleed, however, 
and his anemia kept him constantly under par. For this reason he was subjected 


to a total colectomy, which was done in two stages. He is now clinically well, 
and the ileostomy opening is functioning satisfactorily. 


This case is reported as an example of an appendicostomy which 
failed to bring about improvement. Briefly it represents a conservative 
measure being applied to a very advanced lesion. 


Case 2.—A 23 year old woman entered the hospital with advanced ulcerative 
colitis of two years’ duration. She was having from twelve to eighteen stools 
daily, containing blood and pus. She was going down hill rather rapidly, had lost 
40 pounds (18.31 Kg.) and was very anemic. An appendicostomy was done, and 
under irrigation therapy she made definite improvement to a certain level; then 
improvement stopped. She continued to bleed from the rectum, and her anemia 
held her down. One year later a colostomy was done in the mid-transverse colon, 
a roentgenogram having previously shown the bowel proximal to this point to be 
comparatively normal. 

The colostomy was followed in three months by the first stage of a colectomy, 
at which time the rectum and lower portion of the sigmoid were removed by an 
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abdominal perineal approach. The distal end of the blind loop of descending 
colon was brought out through the abdominal wall. Five months later the second 
stage was done, with removal of the blind segment of descending colon. She is 
now Clinically well, all wounds have healed, and the colostomy has produced satis- 
factory functioning (fig. 1). 

This case, like the first, makes clear that in cases of this severity 
appendicostomy and cecostomy are totally inadequate and that even 
ileostomy and colostomy may fail to arrest the disease. However, there 
was marked improvement following the appendicostomy, and the case 
illustrates how this simple procedure may be valuable as a first step 
by virtue of which the patient becomes a better risk for more radical 
surgical intervention. Colectomy was resorted to in both cases as a 
last resort. 


Case 3.—A 22 year old woman entered the hospital with symptoms of ulcera- 
tive colitis of two years’ duration. She was having only two or three stools daily 











Fig. 1—A, a barium sulphate enema visualizing the colon in case 2 (W. M.) 
before surgical treatment, showing the rather typical garden-hose contour with 
loss of haustrations. 


B, the same colon after fourteen months of irrigations through an appendicos- 
tomy tube. The irrigating tube is in place. The arrow indicates a few polypi in 
the lower portion of the sigmoid which could be seen by proctoscopy. Polypi are 
probably present in about 10 per cent of all cases of ulcerative colitis (Bargen and 
Comfort). The patient was markedly improved clinically but was still losing 
considerable blood by rectum. For this reason colostomy was done, in the mid- 
transverse colon. 


C, the same colon several months after colostomy. There was still further 
improvement clinically, also some improvement shown in the roentgenogram. This 
patient later had a two stage colectomy with removal of the entire colon distal to 
the colostomy, including the rectum. She is now clinically well. 









but was losing much more than the usual amount of blood. At the time of opera- 
tion she had fever and showed signs of toxicity. An appendicostomy was done 
and irrigations were started. The result was rather violent hemorrhages both 
through the tube and by rectum. She went from bad to worse, showing signs of 
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marked sepsis and died twenty-four days after operation. Autopsy revealed gener- 
alized peritonitis (fig. 2). 

This represents a type of case in which the irrigation type of 
therapy seems definitely contraindicated. It is difficult to avoid the 
conclusion that the irrigations stirred up the bleeding and infectious 
process. It appears that the patient required some operative procedure 
to side-track the fecal stream and put the diseased bowel at rest. It 
is probably this type of case that is responsible for the often used 
phrase “ileostomy to save life.” 














Fig. 2.—A, photograph of a portion of the colon from case 2 (W. M.). This 
shows the complete loss of haustrations—the garden hose type of colon. Several 
polypi are present. The great accumulation of fat outside the bowel is also quite 
characteristic (surgical specimen). 

B, photograph of the colon (autopsy specimen) from case 3 (M. S.). This 
shows an entirely different picture with ulceration and polypoid hyperplasia. This 
case was marked by a great deal of blood in the stools. 


Case 4.—A 26 year old man entered the hospital complaining that he had had 
bloody stools, from ten to fifteen daily, for a month. He was febrile, was losing 
weight rapidly and was bedfast because of weakness. A cecostomy was done, and 
irrigations were carried out. His postoperative course was very stormy and he 
gained slowly. After two months he was discharged from the hospital still aver- 
aging from nine to twelve stools daily, containing blood, and he had a daily tem- 
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perature of about 100 F. Two months -later he went to another institution and 
took a course of serum and vaccine treatments. He made temporary improvement, 
but soon after he returned home thrombosis of the vessels to the left leg and 
gangrene of that extremity developed. A few days later the right leg became 
similarly involved. Bilateral amputation was carried out. The postoperative 
course was stormy, and he died one week later. At autopsy there was complete 
occlusion of the arteries to both legs, the thrombus extending up the aorta as high 
as the renal arteries. One kidney was completely infarcted, the other partially so. 


This case represents an attempt to treat by conservative measures 
a patient with acute colitis seen in a first fulminating attack. It seems 
that the irrigation type of therapy was definitely inadequate, and the 
indication was probably for ileostomy to save life. 

Case 5.—An 18 year old girl entered the hospital with rather extensive lesions 
of two years’ duration. She was having about fifteen stools daily with some 
blood. An ileostomy was done, which was followed by the most striking improve- 
ment we have ever witnessed in a patient with this disease. We felt that she 
had been veritably snatched from the grave. The transformation from an emaci- 
ated, dehydrated and desperately ill person to a well developed and nourished 
girl with good color and strength was little short of miraculous. However, she 
had a great deal of trouble, first with herniation and later with closure of the 
ileostomy opening, necessitating dilatation and plastic operations. After seven 
admissions to the hospital she was so miserable that the opening into the ileum was 
closed and an appendicostomy tube substituted. She did very well for a while but 
continued to have from six to eight stools daily and lost enough blood to keep her 
moderately anemic and under par all the time. There was considerable drainage 
about the tube and finally another plastic operation was necessary. This patient 
returned to the hospital recently in a state of complete discouragement. There 
was a profuse drainage from the appendicostomy wound which soiled her clothes 
in spite oi massive dressings. She stated that she would be willing to endure 
the diarrhea if she could only get rid of the draining sinus. 


Here is a case worthy of considerable thought. This girl knows 
what it means to have an ulcerative colitis untreated by surgical mea- 
sures. She knows what it means to have an ileostomy, and although 
she admits that she felt better generally while she had the opening into 
the ileum than she ever has since, she prefers to get along without it. 
She also knows what it means to have an appendicostomy, but she pre- 
fers to get along without it. It seems that we have here the living testi- 
mony of an intelligent patient against all forms of surgical treatment. If 
we were to insist on treating the colitis per se, the obvious thing to do 
would be another ileostomy followed by total colectomy. However, if 
we treat the patient herself, the procedure becomes somewhat debatable. 
With a certain degree of misgiving we finally complied with her wishes 
and closed the opening into her bowel. It seems highly probable that 
it may be necessary in the future to resort to radical surgical interven- 
tion. For the present, however, she is content and considers having 
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from six to ten stools daily, anemia and symptoms of depletion the 
lesser of the several evils offered her. 


Case 6—A 47 year old woman entered the hospital with a typical story of 
ulcerative colitis of seven years’ duration. She was having from eight to ten stools 
daily with some blood and mucus. An appendicostomy was done and irrigations 
were begun. She showed rather steady improvement for about a year and was 
able to maintain her level of improvement. Her tube then became plugged up, 
and six months went by before she returned to the clinic. During those six 
months she went steadily down hill and lost almost all that she had gained. A 
new tube was installed and the patient sent home to build herself up again. She 
returned recently, much improved by frequent irrigations but dissatisfied with 
the “tube life.” A barium sulphate enema showed the proximal portion of the 
colon to be uninvolved, and a colostomy will be done. This will probably be 
followed by colectomy. 


The case is included here because it shows what usually happens 
when irrigations are stopped in those patients who previously did well 
on irrigation therapy. It emphasizes the point that the irrigation treat- 
ment is usually a permanent feature which the patient must be prepared 
to accept for life. 

Case 7.—A 21 year old woman entered the hospital after three years of typical 
ulcerative colitis. She was having ten to twenty stools daily, containing blood and 
pus, and her lesions were extensive. A cecostomy was done, and after a stormy 
course she began to show slow improvement. Fourteen months have now passed 
and she is still faithfully irrigating every day. When she misses a day she has 
cramps and other abdominal discomfort. She passes very little blood, and her 
hemoglobin is only moderately depressed. During the first eight months she 
gained 20 pounds (9.1 Kg.); since then she has been able to maintain this level 
of improvement. Her colon roentgenographic series also shows rather marked 
improvement. The tube gives her little trouble and she is satisfied. She states 
that she would rather have the tube for life than endure a colostomy. 


This case is included here because it probably represents about the 


maximum which can be promised a patient with the irrigation type 
of treatment. The next case is probably the exception to the rule and 
is the one case in which a patient treated by this method has been placed 
in the “clinically well” column. 


Case 8—A 49 year old farmer was seen with a typical history of ulcerative 
colitis of one year’s duration. His symptoms were classic, with diarrhea, blood, 
mucus and pus in the stools, fever, and loss of weight. An appendicostomy was 
done and irrigations were started. Improvement was immediate and seemed per- 
manent; so he stopped irrigating. When last seen he had been symptom-free for 
eighteen months. During this time the tube had been left in his side but was 
functionless. He was having one or two formed stools daily without blood, pus 
or mucus, was afebrile, ate a general diet, and felt well and strong. He was 
doing heavy farm labor. A barium sulphate enema showed no improvement what- 
ever in the appearance of the colitis. However he was willing to gamble on a 
return of the disease, so with some misgivings the tube was removed. We have 
heard from him since and he is still clinically well. 
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ANALYSIS OF THE APPENDICOSTOMY-CECOSTOMY GROUP 


Of the entire group of eighteen patients treated by the irrigation 
method, four are dead. Two more have had subsequent colectomies, 
but it probably does not follow that they should be included as presenting 
failures of the method. In three more the tube either came out or was 
removed. All three showed clinical improvement as long as the tube 
was in place. One has been able to maintain this improvement since 
the tube came out, and his condition can be classed as improved but 
stationary. One went back to her original state after accidental removal 
of the tube and has been in that state ever since. The third is definitely 
worse than before—bedfast, bleeding and ill. This leaves eight patients 
who still have the tube in place and are irrigating faithfully. The length 
of time since operation varies from seven to twenty-six months, the 
average being fifteen and one-half months. To these patients must be 
added the one from whom I purposely removed the tube and have 
classified as clinicaily well. 

The results in this group of eighteen patients are as follows: 


Dead 
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Tube removed purposely, patient clinically well..................-.+--005. 1 

Subsequent colectomies, patients clinically well .................20ceeeeces 2 
Tubes in place, patients still irrigating 
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Improved but improvement now stationary...................-2406- 4 
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This seems to indicate that at least half the patients improve to 
a certain level and thereafter remain stationary. All three of those who 
are classified as “still improving” have had their tubes less than the 
average length of time for the group (seven, eight and nine months, 
respectively). It seems that one must wait at least a year before one 
can be sure that the maximum benefit from the procedure has been 
obtained. On the law of averages it seems likely that those three 
patients will in a few more months fall into the stationary group rather 
than the clinically well group. 


In analyzing the personal reactions of the patients it was interesting 
to find that only two of the eight patients now having tubes were badly 
dissatisfied with their results. The other six patients were anxious to 
get rid of the tube and were more or less discouraged but on the whole 
were fairly well satisfied with their improvement. 


Of the eight patients, probably at least three are now candidates 
for more radical surgical intervention, i. e., colectomy preceded by either 
ileostomy or colostomy. This opinion is based on the fact that they have 
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all tried irrigation therapy for two or more years and are now in a 
stationary condition with the disease still active enough to prevent them 
from becoming useful citizens. 

With the foregoing information at hand we have been forced to 
draw certain conclusions concerning the surgical treatment of ulcerative 
colitis in general. When each operative procedure is considered sepa- 
rately, what has each to offer and what factors contraindicate its use? 


ILEOSTOMY 


Ileostomy is still the choice of the surgical profession at large in 
the treatment of this disease. Its disadvantages are well known. The 
fecal discharge is profuse, watery and irritating. Dehydration and 
inanition are difficult to control, and true vitamin deficiency diseases 
may result. In addition, the operation carries with it a rather menacing 
mortality. 

It is true that in many cases a physiologic adjustment occurs by 
virtue of which the discharge becomes less fluid, and some patients 
may even acquire habits whereby there are only two or three stools 
through the ileostomy every twenty-four hours. However, we know 
of no way to predict in advance which patients will be able to make 
this physiologic adjustment and which will not. It may be said in this 
connection that we have better functioning ileostomies since we have 
been employing the single-barreled technic, the blind distal loop being 
dropped back into the abdomen. Up until six years ago we commonly 
made a double-barreled type of ileostomy with the vain hope of later 
reuniting the ends of the bowel. 

Some patients are so miserable as a result of their ileostomy that 
the surgeon is ever listening to their pleas to reestablish the continuity 
of the bowel regardless of whether the symptoms of the colitis return 
or not. We have heard patients state that they would rather die than 
endure an ileostomy, and there are probably a few cases in which the 
patient must make just such a decision. The experience of the past 


indicates that in the acute fulminating cases with progressive failure 
there is nothing short of ileostomy that will save life. 


In the chronic cases the roentgenogram will occasionally show that 
the disease process stops short of the ileocecal valve, and that the cecum, 
ascending colon and occasionally part of the transverse colon are not 
involved. Such cases are in the minority, however, and in our experience 
this has been true in only about 25 per cent of the series. As a rule 
the process begins in the rectum or sigmoid and spreads proximally, 
and the earlier one sees a case the more likely is one to find an unin- 
volved portion of proximal colon. It is important to bear in mind this 
so-called regional type of ulcerative colitis which has been emphasized 
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in the literature of the past few years (fig. 3). Knowing what we do 
about ileostomies, it would seem most unfortunate to subject a patient 
to an ileostomy when a colostomy would serve the purpose. 


It appears, therefore, that there are two main indications for ileos- 
tomy. The first is in the acute fulminating cases with progressive failure 
in which it is probably a life-saving measure. The second is in the most 
severe chronic cases with advanced lesions involving the entire colon. 


COLOSTOMY 
The purpose of colostomy is the same as that of ileostomy—to 
divert the fecal stream and put the diseased colon at rest. Colostomy, 
however, offers a condition much more compatible with a normal exis- 
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Fig. 3.—A, the colon in case 5 (E. L.), showing a rather marked degree of 
ulcerative colitis involving the entire colon. The patient had had an ileostomy 
opening two years at the time this picture was taken. 

B, the colon of J. B., exemplifying regional ulcerative colitis. The disease 
is limited almost entirely to the transverse colon, and the other portions of the 
bowel are uninvolved. 


tence. There is no great nutritional problem. A preoperative barium 
sulphate enema is necessary to determine the extent of the disease. 
The patient who has some normal proximal colon through which to 
make a colostomy is indeed fortunate. 

Prognosis concerning the results of either ileostomy or colostomy 
must always be guarded. A cure cannot be promised. The disease per- 
sists and can be seen by proctoscopic examination. There may be marked 
clinical improvement, but the disease process is still there in a latent 
form and any slight infection of the upper respiratory tract, exposure 
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or undue fatigue is likely to cause a flare-up. It is therefore highly 
important to explain this to the patient before operation and impress 
him with the fact that the artificial anus must be accepted as a perma- 
nent affair. The literature is filled with reports of cases in which, 
after improvement has been made, the continuity of the bowel is 
restored ; and the results are almost always disastrous. Either the pro- 
cedure is marked by a fatality or the disease returns. 

Knowing that the patients cannot be promised a cure, what can one 
promise them from ileostomy or colostomy? One can promise them 
definite clinical improvement. This improvement occurs and is often 
very striking. The extent of the improvement varies in different cases 
and probably depends for the most part on the extent of the lesions 
in the individual patient. Some patients improve to the extent that they 
are able to carry on their normal activities, and by watching their gen- 
eral health very carefully they are able to lead a fairly useful and 
happy life. This statement assumes that the ileostomy is functioning 
satisfactorily. Others never reach this level, the disease remaining active 
enough to keep them chronically anemic and in a state of semi- 
invalidism. It is this group of patients that brings one to the third 
operative procedure, namely, colectomy. 


COLECTOMY 

Relatively speaking, colectomy is a new procedure in the treatment 
of ulcerative colitis. Ten years ago it was considered a very formidable 
procedure. Today it is rapidly gaining favor in all the leading clinics, 
not so much as a procedure of choice as a procedure of necessity. By 
doing this operation in several stages it has become possible to remove 
the entire portion of diseased colon in patients who obviously constitute 
poor surgical risks with a mortality which is little greater than that 
usually ascribed to major surgical operations on the large intestine 


for other conditions. On the whole the results have been very gratifying, 


and although there are as yet no clinics reporting five or ten year cures, 
there is every indication that the present good results will be permanent. 

The two cases in which this treatment has been used in this clinic 
are quite recent, but their course to date has been very satisfactory.’ 
This method of treatment has been used as a last resort, and justly so. 
It should probably always be a secondary operation. The indication 


1. Since this paper was written there have been five additional colectomies 
performed in this clinic for ulcerative colitis. Another colectomy was performed, 
which was not included in the foregoing series because of uncertain diagnosis; it 
is now felt that the patient falls into the group with idiopathic ulcerative colitis. 
This makes a total of one complete and six partial colectomies that have been per- 
formed in this clinic in the treatment of this disease. The usual method has been 
a two stage procedure and three of the cases are still awaiting the last stage. 
There have been no deaths. 
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for it is fairly clear—it is reserved for those cases in which a satisfac- 
tory level of improvement has failed to be obtained after one of the 
less radical procedures. It should not be resorted to until the patient 
has had at least a year’s trial of ileostomy or colostomy. Some clinics 
prefer to wait from two to three years. Our experience has shown 
that very little improvement can be expected after the first year. 


ILEOSIGMOIDOSTOM Y 


This is a method of treatment based on the principle of putting 
the diseased bowel at rest by shunting the fecal stream around it. In 
principle it is sound, but it is seldom applicable for the simple reason 
that the sigmoid colon is practically always involved in the disease. 
There is, however, an occasional case of regional colitis in which the 
procedure may be applied with benefit. 


APPENDICOSTOMY OR CECOSTOMY WITH IRRIGATION THERAPY 


It is with this type of therapy that this paper is most concerned. 
What does it offer the patient with ulcerative colitis? What are its 
contraindications? We have found that the typical course following 
this type of therapy is one of immediate improvement which is usually 
too encouraging, since it does not accurately portray the end-result. 

The procedure is simple and can be done through a short muscle- 
splitting incision. The appendix is freed and the meso-appendix ligated 
in the usual manner for appendectomy. Amputation of the appendix 
is then carried out, leaving a short stump (from 1 to 2 cm.) through 
which a small catheter is threaded into the cecal lumen. We usually 
employ a no. 12 or no. 14 French catheter. The stump is then inverted 
by means of a purse-string suture. If the appendix is absent or exten- 
sively bound down by adhesions, the catheter is introduced directly 
into the cecum and held in place by a purse-string suture. The operation 
can be done quickly, and the patient suffers little general reaction. After 
a few days irrigations are begun through the tube by the usual gravity 
method. We formerly used a hypertonic saline solution (from 1.25 
to 2 per cent) on the theory that the element of dehydration of the 
edematous bowel might be of benefit. However, we found that about 
half the patients were unable to tolerate the hypertonic solution because 
of increased cramps and abdominal discomfort. After going home most 
of them will not bother to make up an accurate solution but will resort 
to plain water with perhaps a teaspoonful of salt to the pint for irriga- 
tion purposes. We have not been able to find any relation between the 
type of irrigating fluid used and the result obtained. 

After a period of about a year the improvement usually stops. If 
the patient continues to irrigate he is usually able to maintain this level 
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of improvement, but his general condition remains stationary. He may 
become disgusted with the tube, which almost invariably has seepage 
about it with tender granulation tissue and a foul odor. If he stops 
irrigating or removes the tube he begins to lose ground. 

It is true that some patients show rather striking improvement 
roentgenologically and proctoscopically, but usually the roentgenogram 
shows the colon continuing to narrow and foreshorten, with gradual 
assumption of the garden hose appearance. A cure comes rarely, if 
ever. The roentgenograms in figure 4 illustrate this point. It appears 
that the evidence of progress obtained by barium sulphate enema is not 
absolutely reliable, since we have seen definite clinical improvement 


occurring in patients while the roentgenogram revealed progressively 











Fig. 4.—A, the colon of R. L. before surgical treatment for ulcerative colitis. 
The symptoms were moderately severe. 

B, the same colon after six months of irrigations through an appendicostomy. 
The irrigation tube is in place. Still further foreshortening has taken place, and 
the caliber of the bowel is even more contracted. However, the patient has made 
marked improvement clinically and is still slowly improving. This shows the 
difficulty in differentiating roentgenographically between progression of the disease 
and healing. 


increasing loss of haustrations, narrowing and foreshortening. The dif- 
ficulty appears to be the inability to differentiate the roentgenologic 
picture of healing from that of progression of the disease. In this 
connection it has also been noted that the colon continues to contract 
and diminish in caliber after short-circuiting operations, such as ileos- 
tomy. Whether these changes are due to a continuation of the disease 
or whether they represent healing is a question which the roentgenolo- 
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gist cannot always answer. We should prefer, therefore, to base our 
conclusions concerning progress on the clinical course and proctoscopic 
findings. 

Most clinics in which ulcerative colitis is treated have no place in 
their program for the irrigation type of treatment. However, we are 
convinced in this clinic that it has a place, and we feel that those clinics 
are ignoring a method of treatment which is of considerable help in 
selected cases. We prefer to think of the irrigation type of therapy 
as a compromise between straight medical management and ileostomy. 
In this role it offers the patient with mild chronic colitis a chance of 
improvement to a level compatible with normal living. In the more 
severe chronic colitis it offers both the surgeon and the patient an 
alternative to ileostomy. Whether it should be considered when colos- 
tomy is possible is a more debatable problem. But when the procedure 
at stake is ileostomy with its obvious disadvantages, one is able to offer 
the patient an alternative with some merit. We feel that appendicostomy 
or cecostomy may yield the patient with moderately severe chronic colitis 
an improvement fully as striking as that seen after ileostomy, and with 
much less risk. The patient must not expect a cure, and he must be 
prepared to accept the tube as a permanent handicap. Every few 
months the tube must be changed. He must also be willing to face 
the possibility that more radical surgical intervention may eventually 
be necessary or advisable. Lastly, we have found that appendicostomy 
or cecostomy is of value as the first step toward a more radical surgical 
procedure, such as colectomy. The operation enables the patient to 
improve and become a better surgical risk for the subsequent ileostomy 
or colostomy. 

On the other hand, we have learned certain rather definite contra- 
indications to this form of therapy. It is contraindicated when the 
disease is in an acute phase with many stools containing much blood 
and with high fever. Irrigations then may provoke further bleeding 
and only stir up the process. Another factor worthy of consideration 
is the intelligence of the patient and his ability to cooperate. The suc- 
cess of the treatment depends in such large part on the cooperation of 
the patient in carrying out the irrigations that the method is definitely 
contraindicated in certain cases on this ground alone. 


PROGRAM OF TREATMENT 


In the light of our present knowledge, and using the foregoing line 
of reasoning, we have attempted in this clinic to formulate a more 
definite program for the treatment of ulcerative colitis. In the first 
place it seems useful to have some method of classification of cases 
which in itself will point the way toward more intelligent treatment. 
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The following classification is based on both the clinical symptoms and 
the pathologic process as shown by barium sulphate enema : 


1. Acute fulminating cases 
2. Severe chronic cases 
A. Roentgenogram shows the entire colon involved 
B. Roentgenogram shows only a portion of the colon involved 
(regional form) 


3. Mild cases 


Group | represents cases of the disease in an acute phase with fever 
and many liquid ‘stools containing much blood, the patients presenting 
a picture of rapid progressive failure due to depletion and anemia. We 
feel that the indication for surgical treatment in this group is definite. 
There is no longer any need for procrastination. The treatment of 
choice is probably to side-track the fecal stream at once by ileostomy 
or colostomy, by the latter when the pathologic process is of the regional 
type. 

Group 2 includes the chronic cases with advanced pathologic change 
and is by far the largest group. There is usually a history of failure 
to improve following medical therapy. In these cases there is more 
time to deliberate. The roentgenograms should be studied carefully as 
to the extent of the disease, because the treatment differs on the basis 
of these findings. On the strength of the roentgenologic findings this 
group is divided into two subgroups: Most of the cases will fall into 
subgroup A, and one is then obliged to offer the patient either ileostomy 
or the irrigation type of therapy. The advantages and disadvantages 
of each have been discussed. Which procedure to recommend depends 
for the most part on the severity of the lesions and the type of person 
with whom one deals. If the condition is far advanced and it is felt 
that a colectomy will eventually be necessary, it may be better to advise 
ileostomy, which will serve as the first step toward that procedure. 
Appendicostomy or cecostomy is the alternative, and the decision as to 
the wisest procedure depends largely on the merits of the individual 
case. We feel quite definitely in this clinic that the mortality figures 


can be lessened by doing more appendicostomies as a preliminary step 
to ileostomies. 


A few cases in group 2 will fall into subgroup B. The treatment 
of choice in these cases seems to be colostomy. In all the cases of 
groups 1 and 2 the possibility of an ultimate colectomy should be kept 
in mind. 

Group 3 includes cases in which the disease is mild and in which 
a decision has to be made between medical and surgical treatment. The 
irrigation type of therapy offers a convenient compromise for these 
patients. 
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SUMMARY AND CONCLUSIONS 


A series of thirty-five cases of chronic ulcerative colitis has been 
surveyed to evaluate, if possible, the relative merits of the various 
operative procedures used. 

At this clinic we have found appendicostomy and cecostomy with 
subsequent irrigation of the diseased bowel a useful procedure in selected 
cases. The benefits to be expected from this procedure have been 
discussed on the basis of a series of eighteen cases in which this treat- 
ment was applied. 

A few general conclusions have also been expressed concerning the 
more radical types of surgical intervention. 

This study has emphasized again the limitations of all forms of 
surgical treatment and the apparent futility of expecting cures from 
any procedure less than colectomy. 

We feel quite definitely that any blanket form of therapy, i.e., one 
operative procedure used on all types of patients as they come, cannot 
give the best results. By carefully analyzing each case, by using certain 
procedures only in selected cases and by remembering certain limitations 
of each type of operation the present results can be improved to an 
appreciable degree. 

A simple classification of cases has been suggested which in itself 
points the way toward more intelligent treatment. 

This outline of treatment represents only a transient opinion rather 
than a permanent policy. There is no ideal method of treatment, and 
one is usually faced with the problem of choosing the least vicious of 
several evils. As experience increases new procedures may be developed 
which will make the present day methods seem entirely unsuitable. On 
the other hand, there may be new developments in the field of internal 
medicine which will thrust all forms of surgical treatment into obscurity. 
At the present time, however, surgery has something definite to offer 
these patients, and the problem involves the choosing from a number 
of procedures at one’s disposal the one most suited to each case. 
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DUPUYTREN’S CONTRACTURE 


HENRY W. MEYERDING, M.D. 


ROCHESTER, MINN. 


The French surgeon Dupuytren in 1832 described a flexion defor- 
mity of the fingers caused by thickening and shortening of the palmar 
fascia. The gradual onset of this deformity, with little or no pain, is 
characterized by the formation of a firm, fixed nodule in the palmar 
fascia at the linea mensalis, usually near the base of the ring finger. 
In time the nodule involves the entire palmar fascia, including the 
attachments to the sides of the fingers, and contracture of the palm 
and fingers is produced (fig. 1). The skin becomes involved early ; i 
presents a dry, wrinkled, hard and often calloused appearance and is 
adherent to the hypertrophied fascia. The subcutaneous fat is lost, but 
the tendons are not involved. The cordlike contracture of the palmar 
fascia is brought into a tense position when an attempt is made to extend 
the finger or fingers, and this is often mistaken for evidence of contrac- 
ture of the tendon. The deformity is usually bilateral; commonly it 
begins in the right hand, and months or years later the left hand will 
become involved. As the palm and fingers become more flexed, loss of 
power to open the hand causes disability; this increases with time until 
the patient is confronted with loss of function of the hands. This is a 
calamity to a skilled workman and threatens his future earning capacity. 
He therefore consults a physician for relief. Fortunately, in most cases, 
modern aseptic surgical technic permits correction of the deformity 
caused by Dupuytren’s contracture and return of good function of the 
hand. 

A disease that produces a disability which affects the patient’s 
earning capacity may assume economic and medicolegal importance, and 
then the etiologic factors, such as trauma, infection and heredity, become 
important. In this age of insurance, workmen’s compensation and 
employers’ liability, patients are likely to ascribe their disability to 
irritation resulting from their occupation; to a bruise, cut or infection. 
As long as the disease is unilateral and there has been an unquestioned 
local injury, those concerned appear to associate the two as cause and 
effect, but with the appearance of a similar lesion in the other hand the 
condition is not so readily explained. Focal infection and general dis- 


From the Section on Orthopedic Surgery, the Mayo Clinic. 


Read before the Section on Orthopedic Surgery at the joint meeting of the 
American Medical Association and the Canadian Medical Association, Atlantic 
City, N. J., June 12, 1935. 
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ease, such as arthritis, may also be mentioned by the patient, or a family 
history may be volunteered. This history in every case should be 
carefully investigated, as in some instances focal infection, trauma to 
the palm caused by repeated deep pressure and hereditary influences 
seem to be of importance. 

The present study of material encountered at the Mayo Clinic is 
concerned with 448 hands of 273 patients afflicted with Dupuytren’s 





Fig. 1—Dupuytren’s contracture in both hands, of grade 1 in the left hand 
and of grade 2 in the right. 


Tas_e 1.—Fingers Involved in 448 Hands of 273 Patients 








Bilateral Involvement 
man 


Unilateral ao ——_—_—_—___~ 
Fingers* Involvement Right Hand Left Hand 

Bs dade d idee teieduessncgveceeéucanbenens 28 38 34 
CE itithndnt o4ieedaccvens vn chueeeniaas 40 78 83 
RE in hited ses ccescveessavansimeses 7 22 12 
PEE Wie bce nbatennshicodneebecetsvaumuucs 3 6 4 
Diling pith eg bivduttdn$<onbddgbete encaabdeie 12 18 21 
Dictb bis hs ond dba deduces obec ceecdhubashes 5 2 6 
Se odin ous kbudseonekeadeabaee 3 7 ll 
Be BE OL ois vin os pov cccechskenkonss 0 4 4 

, , SPT oodba ees teens 98 175 175 





* Key to numbering of fingers: 1, thumb; 2, index finger; 3, middle finger; 4, ring finger; 
5, little finger. 





contracture (table 1). Many of the patients were greatly concerned 
over the impending disability, which threatened their livelihood ; some 
had received advice that the tendons were involved and that surgical 
measures were of little or no value and might result in complete loss of 
function of the hands. Other patients came because of illnesses 
apparently not associated with the contracture and were resigned to the 
deformity as a part of senile change or as an incurable condition. My 
experience with these patients would make it apparent that the pathologic 
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nature of the contracture is not commonly recognized and that the 
benefits of modern aseptic surgery are not generally appreciated. In 
too many instances a surgeon is not consulted until extension of the 
contracture has involved several fingers (fig. 2) and the finger-tips are 
invaded, with extensive involvement of the skin, peripheral nerves and 
blood vessels. The contracted and thickened fascia should be excised 
early to obtain the best results. 

It is generally conceded that the condition afflicts more males than 
females. In my series, 241 patients, or 88 per cent, were males, and 
32, or 12 per cent, were females. The average age of these patients 
was 54 years; the youngest patient was 17 and the oldest 80 years of 
age. Of the 273 patients affected with Dupuytren’s contracture, 175, or 
64 per cent, had involvement of both hands; the right hand only was 





Fig. 2——Dupuytren’s contracture of grade 3. 


involved in 69 cases, or 25 per cent; the left hand only was involved in 29 


cases, or 11 per cent. Thus, of the 98 patients with unilateral involve- 
ment, the right hand was affected in 70 per cent. The duration of the 
involvement varied from several weeks to twenty-five years. 

Laborers, including farmers and mechanics, and others who work 
out of doors or whose hands are subjected to stress numbered 123, or 
45 per cent, and mental workers and those whose hands are not sub- 
jected to stress, 150, or 55 per cent. The occupations of the 273 persons 
are given in table 2. Although the type of occupation given at the time 
of examination often indicated that the patient led a sedentary life, many 
bankers, school teachers and physicians had been accustomed to doing 
the most strenuous kinds of labor earlier in life. Of the 273 patients 
whose condition was diagnosed as Dupuytren’s contracture, 84, or 31 
per cent, were subjected to operation. 
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Foci of infection, which might be considered as possible etiologic 
factors, were noted in 141 cases; in the remaining 132 a definite focus 
was not noted or examination for discovery of one was not carried out. 
The tonsils and teeth were the most common sites of infection; 107 of 
the 141 patients, or 75 per cent, had infection of one or the other of 
those structures or of both. Of the 141 patients, 48, or 34 per cent, 
had dental infection alone; 18, or 12 per cent, tonsillar infection alone, 
and 41, or 29 per cent, both tonsillar and dental infection ; foci of infec- 
tion in other parts of- the body, often associated with tonsillar or dental 
infection, made up the remaining 25 per cent. The incidence of known 


TABLE 2.—Occupation of 273 Patients Who Had Dupuvtren’s Contracture 








Laborers, carpenters, butchers, lumbermen and others whose hands are subjected 
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TABLE 3.—Foci of Infection Noted in 141 Cases of Dupuytren’s Contracture 








Wee oi Be ok Riciidnn dn bbe'es theta eee 48 I ea ene sees nesons 18 
eM PE et er 41 Tonsils and prostate gland............ 7 
Teeth and nasal sinuses................ 2 Tonsils and nasal sinuses.............. 2 
Teeth and prostate gland.............. 2 Prostate, GiONG OBI .w. 2... cvccesceses 10 
Teeth, prostate gland and tonsils..... 2 ene GND QO as 65 000s ccbenescncsccs 4 
De WI SI abn s dodccns ac covshies 1 
Teeth, tonsils and nasal sinuses....... 1 
Teeth and uterine cervix................ 1 
Teeth and gallbladder.................. 1 


Teeth and skin (furuncle).............. 1 


focal infection was apparently high enough to be of some significance 
(table 3). Because many of these patients were examined in the years 
before attention was directed to focal infection, the actual incidence of 
such infection may have been even higher than the figures given would 
indicate. 

Trauma may be considered an etiologic factor, especially by those who 
possibly could benefit from workmen’s compensation or insurance. Too 
much stress is often laid on some alleged or sustained injury to a hand 
which gives evidence of beginning contracture, whereas inspection or 
an interval of time would bring out a bilateral lesion. I have reviewed 
the histories to find, if possible, whether trauma was a causative factor. 
Of the 84 patients on whom operation was performed, 53 had bilateral 
involvement (20 of whom had only 1 hand operated on), and 31, uni- 
lateral involvement; or, of a total of 137 hands involved, 117 were 


nt ti ct te I hci TON Sl 





epee nesters Se 


ee eee 


wr 


eee oo 


seater 


Sie 





324 ARCHIVES OF SURGERY 


operated on at the clinic. The patients were questioned regarding the 
relationship of injury to each hand, with the following results: A posi- 
tive history of injury was obtained concerning 35 hands and a history 
of infection concerning 5 hands; the histories were uncertain concerning 
16 hands, and there was no history of injury concerning 81 hands. Thus 
there was a positive history of trauma to 25 per cent of these 137 hands 
and a history of infection of 3.6 per cent. 

In reviewing the complaints made at the time of examination I found 
that 45 per cent of the patients gave histories of deformity, contracture 
or aching, and some said that at times there was a prickling sensation 
in the palm of the hand. There was a history of deformity and pain 
in the hands or feet in 125 cases, or 46 per cent of the total of 273 
cases ; of gastro-intestinal symptoms in 38, or 14 per cent, and of rheu- 
matism in 22, or 8 per cent. There were neurologic factors in 18, or 
6 per cent; genito-urinary symptoms in 12, or 4 per cent; backache in 
10, or 3 per cent ; malignant disease in 6, or 2 per cent ; cardiac symptoms 
in 6, or 2 per cent; headache in 6, or 2 per cent; syphilis in 6, or 2 per 
cent; hernia in 4, or 1 per cent; flat feet in 3, or 1 per cent; disease of 
the skin in 2, or 1 per cent; goiter in 1, or 0.3 per cent; diabetes in 1, 
or 0.3 per cent, and pulmonary symptoms in 1, or 0.3 per cent. In 12 
cases, or 4 per cent, in which there was no history relative to the hands 
the contracture was discovered in the course of routine physical exami- 
nation. 

The variety of complaints and the findings at the time of examination 
did not seem to place any one condition or disease as having established 
a relationship of sufficient importance to be considered outstanding, in 
my opinion. The etiology, to which reference was made earlier in this 
paper, is still obscure. Authors have reported Dupuytren’s contracture 
in association with arteriosclerosis, multiple sclerosis and syringomyelia, 


but I believe that such association is merely coincidental. The dependa- 


bility of the theory that the condition is neurologic also remains unde- 
termined. Repeated injuries to the ulnar nerve and local injuries in 
the region of the eighth cervical and first thoracic vertebrae, with possible 
irritation of the sympathetic ganglions, trophoneurotic manifestations, 
have been considered. When one reviews the records of the patients 
it is difficult to be satisfied with the theories. I believe that the hereditary 
factor is of some importance, as I have already stated, and that the 
history, if carefully taken, will bring this out. 

In discussing the degree of deformity, the following system may be 
utilized (table 4): 0 indicates that there is no deformity other than 
unnatural thickening of the palmar fascia and wrinkling of the skin 
and that there is no contracture of a finger ; 1 indicates, in addition to the 
preceding conditions, definite contracture of one finger, but not more 
than 60 degrees of flexion in any one joint (the hand can grasp, but 
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there is not full extension of one finger); 2 indicates involvement of 
more than one finger, with definite contracture and inability to extend 
more than 60 degrees; 3 indicates contracture of two or more fingers 
and contracture of 90 degrees or more of one (the thumb and index 
finger may be opened and still be useful, although the hand as a whole 
cannot be opened for grasping) ; 4 indicates more or less contracture 
of all the digits, and the hand cannot be opened or the thumb fully 
extended (some of the articulations may be in acute flexion and anky- 
losed, and a finger-tip may remain in contact with the palm). 

In the presence of manual deformity, skilled workers, musicians, 
surgeons and others whose hands are subjected to stress have a higher 


TasLe 4.—Deformity Noted in 259 Hands 








Grade Right Hand Left Hand 
Doovcredcs ate sak Levedenss hehe hacpunve haewds st cee bhee ae ese 14 10 
Rene h hinds dagtnetns dacs j< 500s 5 6csdpeeebanseria desea nkaeee 20 11 
Modah so kbstell 30 vidglnes 60 0-0 40.000 MbhAM AUS hake’ Oelherecltaes 53 49 
Dbda hes beUeteh bed dees 6c. ccess tag Mipcesudbakéevdsedieviven’ 49 30 
Ga cdbd ocdess cdbMes Gdsceisduvrvdbscussbense sudasboumad> (eaud 12 11 


ES ee rt Pe iy er ee Peer ne eee 148 lll 


TaBLe 5.—Estimate of Occupational Disability Noted in a Study of 183 Hands 
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grade of occupational disability than have merchants, bankers, clergymen 
and others whose hands are not subjected to stress. The grade of 
occupational disability, therefore, may have little relation to the grade 
of deformity. The degree of occupational disability was not noted in 
the cases that form the basis of this report, but in reviewing the records 
I have attempted to estimate it and to grade it 0, 1, 2, 3 and 4. Thus, 
O would indicate practically no disability, or disability of from 0 to 10 
per cent; 1 would indicate disability of from 10 to 20 per cent; 2 would 
indicate disability of from 20 to 40 per cent in a hand with involvement 
of one finger ; 3 would indicate disability of from 40 to 60 per cent in 
a hand with involvement of two or more fingers, and 4 would indicate 
disability of from 60 to 100 per cent in a hand with contracture of all 
the digits and the palm (table 5). 

It was often noted that although definite deformity was present the 
degree of disability and discomfort was minimized by elderly patients 
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and treatment postponed. Unfortunately, this often leads to extensive 
contracture and a poor prognosis, in spite of expert surgical treatment. 
Some patients came to the clinic following operations performed else- 
where, the results of which had not satisfied them. Thus, I had the 
opportunity to examine postoperatively 33 patients who had been oper- 
ated on elsewhere. Six of these patients, or 18 per cent, seemed to me 
to have secured satisfactory results. In 22 of the 33 cases excision had 
been performed, with good results in 5, or 23 per cent; in 2 cases 
tenotomy had been performed, with failure in both instances ; fasciotomy 
had been performed in 2 cases, with success in 1 and failure in 1, and 
in 7 cases amputation had been performed. In reviewing the records 
of these patients with postoperative Dupuytren’s contracture it is obvious 
that lack of cooperation on the patients’ part played an important role 
in the failure of the attempt to correct the deformity. 

Subcutaneous fasciotomy may relieve the contracture in some of the 
lesser degrees of deformity, so long as great care is exercised not to 
injure blood vessels, nerves and tendons. However, treatment of Dupuy- 
tren’s contracture is most successful when the contracted palmar fascia 
is removed and proper postoperative measures are applied. In order 
to accomplish this it is necessary to make an incision which will permit 
thorough exposure of the involved fascia. The longitudinal incision 
over the fourth metacarpal bone has been used most commonly in the 
past, but because of the difficulties of exposure and the tendency to 
irritation from repeated movement this method has been superseded by 
incisions made along the fifth metacarpal bone and transversely along 
the linea mensalis (a Z-shaped incision; fig. 3A). Because the linea 
mensalis is formed as the result of flexion of the little, ring and middle 
fingers and because the palmar fascia (fig. 3B) divides just distal to it 
and forms bands which pass to the fingers, incision at this point affords 
excellent exposure. Furthermore, the majority ot contractures form in 
this area, at the base of the ring finger, and unless the fingers are involved 
by extension of the contracture it is seldom necessary to make a second 
incision in the palm. An anterolateral incision is used in dissecting out 
the fascia of the fingers (fig. 44). For some of the extensive lesions 
it is obvious that the skin must be sacrificed, because it is densely adherent 
to the hypertrophied fascia; in such instances the contracted skin and 
fascia are excised, and a skin graft of full thickness is applied to cover 
the defect. For many years I have used the cuff of the sphygmomanom- 
eter to obtain a bloodless field, releasing it occasionally to permit cir- 
culation and to facilitate isolation, and tying off of the small bleeding 
points with extra-fine catgut. It is highly important that the wound 
be dry and that the clots be removed before the wound is closed. Strong 
antiseptic substances should not be placed in the wound, and if any 
solution is used I prefer isotonic solution of sodium chloride. Great 
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Fig. 3.—A, lines formed in a normal palm as result of function; B, normal 
palmar fascia exposed by dissection. 























Fig. 4.—A, Dupuytren’s contracture of grade 2, with lines of the incisions used; 
B, proximal end of contracted palmar fascia, cut and elevated. 
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care must be taken in handling the tissues, and fine hemostats and forceps, 
retractors with blunt edges and moist sponges are preferable. 

I usually expose the narrow, upper end of the palmar fascia, isolate 
it with small, blunt-pointed dissecting scissors, pass a hemostat under 
it and, after clamping it firmly, divide it with a knife (fig. 4B). The 
fascia can then be raised by gently pulling the forceps away from the 
palm, and with a fine knife or scissors the fasciculi can be divided as they 











Fig. 5—A, tissue excised in a case of Dupuytren’s contracture; B, lympho- 
cytic infiltration of excised tissue. 


pass in the various directions. The dissection is continued distally until 
all contracted fascia has been freed, and should such fascia continue into 
the fingers separate incisions and dissections are made. At the time that 
the contracted fascia is removed (fig. 54 and B) from the fingers, great 
care must be taken in separating the nerves and blood vessels from the 
fibrous mass in which they lie. Should the surgeon merely expose the 
fibrous mass and excise it, he may find later that the patient has resultant 
anesthesia and impaired circulation. I have mentioned the possibility 
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of the use of subcutaneous operations if the involvement is slight. How- 
ever, it is difficult for me to understand how the contractured fascia, 
when extensively involved, can be safely and satisfactorily sectioned sub- 
cutaneously, in view of the fact that even with good hemostasis and 
exposure the operation is obviously so difficult. 

The strictest aseptic technic must be employed, as infection in an 
extensive wound of the palm would be disastrous. Preliminary prepara- 
tion by washing the hand thoroughly with soap and water and applying 
an alcohol dressing the night before operation is excellent, but it has 
not always been carried out unless the appearance of the extremity has 
indicated the necessity of it. As a rule, I scrub the hand with benzine 
to remove the oil from the skin, follow this with ether to dry the skin 
and then apply a coat of tincture of merthiolate or tincture of iodine 
diluted half with alcohol. Use of this method has been attended with 
marked success, and patients who have undergone this preparation have 
not had infections. 

The wound is closed snugly and without drainage. A posterior splint 
of aluminum is applied to hold the involved fingers in extension. The 
splint should be well padded with gauze to protect the skin over the 
articulations from excessive pressure. If there is difficulty in obtaining 
full extension of the fingers, it is best to allow them to be slightly flexed 
and gradually to force them straight. This is accomplished by placing 
an adhesive band about the tip of the finger and pulling it against the 
end of the splint. The splint extends upward to about the middle of 
the forearm and is molded to fit the contour of the arm. Dressings 
are not changed for a week. When they are changed, the gauze, if dry 
and adherent, is allowed to remain in position, the fingers are inspected 
for signs of pressure, and the splint is reapplied. The length of time 
of fixation varies with the extent of the deformity; I prefer to have the 
incision healed and then begin motion, reapplying the splint for the night 
until free motion is obtained. When recurrence appears, it usually takes 
place in those cases in which operation has been performed with apparent 
success but fixation has either not been applied or has been continued 
for an insufficient time. 

In dealing with some extensive lesions, especially if operations had 
been performed previously and ankylosis had followed, I have excised 
the fascia that had undergone contracture and the involved skin and 
have used the skin from a disarticulated finger as a pedicle graft to cover 
the denuded palm; the results have been excellent. Cases in which this 
method has been used usually have been those in which it has been nec- 
essary to remedy a poor result of a former operation, the finger has been 
acutely flexed and prognosis for function of the finger has been poor. 
Operation gives a more speedy and satisfactory result than could be 
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obtained by more conservative methods, but, of course, it has a limited 
field (fig. 6). 

I have operated on 117 hands of 84 patients; 13 of these hands had 
been operated on previously. Excision of the palmar fascia was per- 
formed on 97 hands, with excellent results in 55 cases, fair results in 11, 
and poor results in 8; the possessors of 23 of these hands have died or 
I have lost track of them. Six amputations were performed. Subcuta- 





Fig. 6.—A, condition of the hands when the patient presented himself for treat- 
ment. The left hand had not been operated on; Dupuytren’s contracture of grade 3 
is evident. The right hand had been operated on, but Dupuytren’s contracture of 
grade 3 is still evident, and ankylosis of the little finger is present. B, the same 
hands after primary operation on the left hand and secondary operation on the 
right. Skin and fascia were removed from the left hand, and the defect was filled 
in by a massive skin graft. The little finger of the right hand was disarticulated, 
and the skin of the finger was used as a pedicle graft. 


neous fasciotomy was performed on 13 hands, with good results in 5 
cases, fair results in 2 and failure in 2; I have lost track of the possessors 
of 4 of these 13 hands. One tenotomy is recorded as resulting in failure. 
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The cases on which this paper is based were encountered over a 
period of approximately twenty years, and it is not unlikely that results 
will continue to improve with improvemént in technic and in knowledge 
of the condition. In estimating the results obtained I have considered 
that amputation gave a satisfactory result. The results on the 27 hands 
of the patients who have died or of whom I have lost track can be classi- 
fied with either the satisfactory or the unsatisfactory results. Thus, 
if the results secured on these 27 hands are classed with the satisfactory 
results, the percentage of satisfactory results, in terms of the number 
of hands operated on, is 91 (19% 7); if the results on these 27 hands 
are classed with the unsatisfactory results, this percentage becomes 67.5 
(*%17). On 97 of the 117 hands the preferable operation, excision of 
palmar fascia, was performed, and the possessors of 23 of these 97 
hands have died or I have lost track of them. If the results on these 
23 hands are classed with the satisfactory results, the percentage of 
satisfactory results, in terms of the number of hands operated on, is 
92 (8%); if the results on these 23 hands are classed with the unsatis- 
factory results, this percentage becomes 68 (®% 7). If the hands of the 
patients who have died or of whom I have lost track are omitted from 
the calculations, the percentage of satisfactory results from all the opera- 
tions is 88 (7%), and the percentage of satisfactory results from 
excision of the palmar fascia is 89 (%844). 


ABSTRACT OF DISCUSSION 


Dr. Sumner L. Kocu, Chicago: From the time of Platter, of Sir Astley 
Cooper and of Dupuytren himself Dupuytren’s contraction has attracted attention. 
Kanavel several years ago emphasized the fact that as the contraction involves the 
finger it also involves the digital nerves and blood vessels. As the contracting 
cord deviates toward one side or the other it can actually displace the blood vessels 
and nerves the width cf a finger, and this makes it easy, as one follows the fascial 
cord or band into the finger, to excise displaced digital blood vessels and nerves 
before one realizes what has happened. Michael Mason, of Chicago, showed that 
the digital nerves and blood vessels in the finger lie between two fascial layers. 
Both are involved in the contracting process. As the fascia thickens and as it 
draws the finger into a flexed position the digital nerve and blood vessels lie at 
the very center of the contracting cord. Even if the cord lies parallel with the 
long axis of a finger, if one begins the dissection in the palm, follows the thickened 
fascia distad and removes it en masse, one will remove the nerve and blood vessels 
with it. To avoid such an accident it is necessary to isolate the blood vessels 
and nerves in the palm and by careful dissection follow them distad to the point 
where they lie free in normal tissue. 

Not only is the superficial palmar fascia involved in Dupuytren’s contraction, 
but its extensions dorsad and its connections with the deep fascia of the palm also 
become thickened and fibrosed. It has been the experience of my associates and my 
own experience that unless the longitudinal septums which pass dorsad from the 
deep surface of the palmar aponeurosis are removed the result will not be as 
satisfactory as ene might wish. 
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The type of incision that Dr. Meyerding mentioned, which extends along the 
distal flexion crease and proximad along the ulnar side of the hand and which 
can be supplemented by an anterolateral incision in the finger, is a very useful 
one; but other incisions are also of value, for instance one along the vertical 
crease of the palm in cases in which the contracture involves the central portion 
of the palm. In our work we have tried to adapt the incision to the individual 
case and at the same time to keep in mind the important principle that incisions 
should be made along flexion creases and not across them. 

Finally, I should like to emphasize the last points that Dr. Meyerding stressed: 
asepsis, careful preparation of the patient before operation, the use of a bloodless 
field, accurate hemostasis and, above all, atraumatism—handling the tissues with 
gentleness, not pinching them with forceps, and retracting them carefully, so 
securing for the patient the best possible result. 

Dr. JoHN Staice Davis, Baltimore (presented by Dr. G. O. Eaton): If my 
memory is correct, Dr. Meyerding’s series of cases is the largest yet reported 
from any single clinic. 

This disease of the palmar fascia is apparently a focal hypertrophy of the con- 
nective tissue originating in the walls of the smallest vessels and ending in con- 
traction. The etiology is obscure, but I believe that one is justified in concluding 
that the fascial involvement is of idiopathic origin and is most apt to occur during 
middle age or in the senile period. So far as is known, there is no single con- 
stitutional or local disease with which Dupuytren’s contraction is exclusively asso- 
ciated or of which it is a manifestation. In the majority of cases the condition 
does not appear to be specifically caused by trauma or local irritation, though these 
factors, as well as local or constitutional pathologic conditions, seem at times to 
have some exciting or contributing influence. There is no question, however, but 
that hereditary influence is shown in numerous instances. A comparison of some 
of the statistical tables given in Dr. Meyerding’s paper with those in a series of 
40 cases reported several years ago by Dr. Finesilver and myself shows them to 
be much the same. 

Many methods of treatment have been advocated, but most of them are with- 
out merit. I have seen judiciously applied roentgen treatment apparently prevent 
the extension of the process and cause some softening in a few cases in which 
operative treatment was impracticable. I am convinced that the only method of 
treatment at one’s disposal at present which can be depended on to cure the con- 
dition is excision of the palmar fascia, closure of the wound by sutures, the implan- 
tation of a whole thickness skin graft or a pedunculated flap, as indicated in 
the individual case, and long continued postoperative fixation. 


Dr. A. Bruce Git, Philadelphia: I am convinced that in many cases Dupuy- 
tren’s contracture is due to focal infection. Chronic fascitis resembles chronic 
myositis and chronic arthritis. I have observed cases of the acute type of 
Dupuytren’s contracture in which there were redness, swelling, tenderness and 
local elevation of temperature. And I have seen these signs disappear on removal 
of focal infections. In other cases, which were without these acute mani- 
festations but which were characterized by a steady, if slow, increase of the 
contracture, the condition became stationary after the same remedial measures. 
A dentist consulted me about eight years ago because of a steadily increasing 
contracture. I found that he had some badly infected teeth. He had them 
removed. The contracture ceased to progress, and he has never required operation. 

I operated om a woman twelve years ago and removed the palmar fascia com- 
pletely by the method which I reported in the Annals of Surgery. in August 1919. 
Shortly after the operation all the joints of her fingers and hand became affected 








g the 
which 
iseful 
rtical 
ortion 
ridual 
isions 


ssed : 
»dless 

with 
y, so 
if my 
orted 


; con- 
con- 
uding 
uring 
con- 
asso- 
dition 
these 
es to 
r, but 
some 
es of 
“m to 


with- 
event 
which 
od of 

con- 
iplan- 
ed in 


upuy - 
ironic 
ve of 
; and 
noval 
mani- 
f the 
sures. 
asing 
them 
ation. 
com- 
1919, 
fected 


MEYERDING—DUPUYTREN’S CONTRACTURE 333 


with acute arthritis. The muscle tendon of the palmaris longus above the wrist 
became thickened. The patient has never completely recovered the use of this 
hand. 

Another patient had suffered a compound fracture of the jaw. Chronic osteo- 
myelitis followed. Pus discharged from the jaw for more than a year. During 
this period Dupuytren’s contracture developed in both hands. 

Therefore, it is evident that Dupuytren’s contracture should not invariably be 
treated by an immediate operation. In all cases, with slowly or rapidly progressive 
course, the etiologic factors should be studied and eliminated, if possible. Opera- 
tion may be performed later, if necessary. 

The operation that I described in 1919 consisted in the complete excision of 
the palmar fascia through the distal palmar transverse crease. If the fascia of 
the fingers is involved, it is to be excised through a transverse incision along the 
crease at the base of the finger. I object to incisions in the hand which extend 
counter to the natural creases. 

By this method of operation I have never failed to secure a complete and 
permanent cure except in the case in which active arthritis of the hand developed. 

I agree with Dr. Meyerding that the skin of the palm should never be sacrificed. 
I have never found it necessary to transplant skin to the hand. 
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THE EFFECTS OF CONSTRICTION AND RELEASE 
OF AN EXTREMITY 


AN EXPERIMENTAL STUDY OF THE TOURNIQUET 


HARWELL WILSON, M.D. 
AND 
NORMAN W. ROOME, M.D. 


CHICAGO 


Tourniquets have long been used for the temporary control of 
bleeding from traumatic wounds of the extremities, and chiefly since 
the time of von Esmarch,' to render an extremity relatively bloodless 
during surgical operations on it. In both instances it is of importance 
to know how long the constrictor may be left in place with safety to 
the patient. Various limits have been placed on this period of safety; 
commonly it is from 1% to 2% hours,’ although there are isolated 
examples of longer constrictions without injury.* 

The most obvious danger of prolonged constriction is that of 
interference with the nutrition of the part sufficient to cause subsequent 
gangrene. Paralysis of the extremity and Volkmann's ischemic con- 
tracture are occasionally described * as a result of constriction, although 
Brooks ® was unable to produce experimental contractures by long 
periods of ligation. Since the paralyses may occur after relatively short 
periods of constriction, several authors believe that direct pressure on 
the nerve trunks is the cause and advocate the use of the pneumatic 
tourniquet as a safeguard." 


From the Department of Surgery of the University of Chicago. 

The study was aided by a grant from the Douglas Smith Foundation for 
Medical Research of the University of Chicago. 
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Another danger is the circulatory depression which has _ been 
observed * to follow the release of a constrictor. There are usually a 
sharp primary fall in blood pressure with rapid recovery to nearly the 
previous level and a more gradual secondary fall over a period of 
hours. Examples of this characteristic curve of the blood pressure 
are given in figure 1. The explanation of the depression of the blood 
pressure and of its characteristics seems to depend on one or more of the 
following factors, viz.: (1) the return of the normal volume of blood 
to the limb, if the blood was expressed during the application of the 
tourniquet ; (2) reactive hyperemia of the limb, as described by Bayliss ; * 
(3) the absorption of toxic metabolites into the general circulation in a 
manner similar to that of the absorption of toxic materials from trau- 
matized tissues as is thought to occur by Cannon,* Moon and Kennedy *° 
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Fig. 1—The characteristic effects on the blood pressure of the release of a 
tourniquet in an experimental animal (at left) and in a patient (at right). Note 
the sharp depression on release, with rapid recovery, and the more gradual 
secondary fall. 


and others, and (4) swelling of the limb, after restoration of the 
circulation, by transudation of a plasma-like fluid, similar to the local 


7. (a) Paolucci, R.: Fenomeni di shock da prolongata costrizione di laccio 
emostatico, Arch. ital. di chir. 21:329, 1928. (b) Fogliani, U.: Sulla pathenogesi 
dello shok sperimentale da laccio emostatico, Riv. di pat. sper. 9:257, 1932. 
(c) Churchill, E. D.: Communication to the Society for Clinical Surgery, 
Boston Meeting, Nov. 14, 1931. 

8. Bayliss, William: Principles of General Physiology, ed. 4, London, Long- 
mans, Green & Co., 1924, p. 703. 

9. Cannon, W. B.: Traumatic Shock, New York, D. Appleton & Company, 
1923. 


10. Moon, V. H., and Kennedy, P. J.: Pathology of Shock, Arch. Path. 


14:360 (Sept.) 1932. 
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loss of fluid which was demonstrated in traumatic shock by Blalock,"' 
Parsons and Phemister,** Roome, Keith and Phemister ** and others. 

Few experimental studies have been made on the effects of tourni- 
quets. Paolucci ™ and Fogliani * found that the release of constrictors 
applied to one or both thighs of experimental animals for periods in 
excess of 3 hours frequently resulted in a profound fall of blood pres- 
sure and death; these authors considered the absorption of toxic: sub- 
stances the probable cause of death. Fogliani noted swelling of the 
limb during constriction in some experiments, which was presumably 
due to collateral circulation through the femur. Churchill ** observed 
depressions of blood pressure in cats following the release of tourni- 
quets applied for shorter periods but drew no definite conclusions as to 
their causation. The experiments to be described were carried out in 
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Fig. 2.—The blood pressure and urinary output of an anesthetized dog. Note 


that while the blood pressure remains above 100 mm. of mercury until shortly 
before death the urinary output (in cubic centimeters per hour) is markedly 
diminished after the seventeenth hour. 


an effort to evaluate the importance of the various factors in the lowering 
of the blood pressure and in the causation of death. 


EXPERIMENTS 


A. Control Series—Six dugs were merely anesthetized with sodium barbital 
given intravenously in doses averaging 276.4 mg. per kilogram of body weight, 


11. Blalock, A.: Experimental Shock: The Cause of the Low Blood Pressure 
Produced by Muscle Injury, Arch. Surg. 20:959 (June) 1930. 

12. Parsons, E., and Phemister, D. B.: Haemorrhage and Shock in Trauma- 
tized Limbs, Surg., Gynec. & Obst. 51:196, 1930. 

13. Roome, N. W.; Keith, W. S., and Phemister, D. B.: The Effect of Bleed- 
ing After the Reduction of the Blood Pressure by Various Methods, Surg., Gynec. 
& Obst. 56:161, 1933 
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cil and their weights were observed at intervals over periods of from 45 to 47 hours, 
’ * . . * . . * 
we during which no food or fluid was given. At the end of this period of observation 


s the animals, which had regained consciousness, were returned to cages, watered 
ni- 
and fed. 























OTS In control animal 712 a catheter was introduced into the urimary bladder and 
in all the urine collected. The total loss of weight was 0.469 Kg.; 110 cc. of urine was 
es- obtained during the first 20 hours and none thereafter. In another animal, not 
ahs included in the series, direct measurements of blood pressure were made 
periodically, and the output of urine through a cystostomy was measured at half- 
the hour intervals; the results of this experiment are summarized in figure 2. This 
bly graph shows that the blood pressure gradually fell but did not reach a low level 
ved until shortly before death, and that the urinary output fell nearly to zero after 17 
Nni- hours. The total urinary output was 107 cc.; the total loss of weight, 0.5 Kg. 
to The animal died at 35 hours; a factor in causing death was the repeated small 
. withdrawals of blood necessitated by the use of a carotid cannula, for which reason 
- this animal was discarded from the group of controls. 

Of the 6 animals studied, all but 1 (871) survived (table 1). The animals 
lost weight in almost direct proportion to the elapsed time, the average amount 
being 9.11 per cent of the body weight in 46% hours (fig. 3). This loss of weight 

TasBLe 1.—Control Series 
Dose of Loss of Weight, 
Barbital Sodium, per Cent of 

Dog Mg. per Kg. Body Weight Result 

Sas sh denicdhcricinctarinih 285 9.4% at 45 hours Recovery 

DEE, 5 Feces cnsihivewal set oncne 271 7.8% at 47 hours Recovery 

a nchetniaays +t ubedchinics 276 9.8% at 47 hours Recovery 

ba eidicds bnankoo ons thet 277 8.9% at 46 hours Death at 64 hours 

WE ch ta bicas Patiagate tos ceuie 270.5 9.65% at 46 hours Recovery 

Gabe tebxcdantecbon rss sGhs 279 Not weighed Recovery 

Bias gunk ocviviteaess 276.4 9.11% at 46.2 hours 
Rime occurring in the absence of food or fluid intake was due chiefly to evaporation from 
tly the respiratory tract, since in the two animals in which the urinary output was 
edly measured this amounted to only one fifth to one fourth of the total loss of weight, 


and since none of the animals defecated during the period of observation. These 
results coincide well with the studies of Coller and Maddock,1* who found that 
surgical patients lost as “insensible loss of water” from 1.6 to 4.5 per cent of their 
ing body weight daily. 
B. Constriction Experiments—Nineteen dogs were anesthetized with similar 
doses (actual average, 262.4 mg. per kilogram of body weight) of sodium barbital 
intravenously, and one hindleg was constricted in the following manner for périods 
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Patients, Ann. Surg. 98:952, 1933. 


hital of from 2 to 20 hours: A slender steel skewer about 12 cm. long was placed 
ight through the gluteal muscles with aseptic precautions, and two turns of rubber Hi | 
: tubing were tightly applied above the pin at the level of the hip joint, thus at 
sure minimizing collateral circulation through the femur. The animals were weighed 1 
before and at intervals during the experiments. | 
ima- Of the 19 animals studied, 6 recovered, while 13 died at intervals of from 5 to jf 
52 hours after release of the constrictor. There was in no case noticeable swelling it 
| osmaicinanitaniahijabtind aa 
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of the limb during the period of constriction, the findings thus differing from 
those of Fogliani,"® who presumably constricted at a level permitting collateral 


circulation. In all cases a marked swelling of the limb gradually developed during 


the hours following the release of the constrictor. Of the 6 animals surviving 
periods of constriction of from 2 


2 to 6% hours, none presented gangrene of any 
portion of the ligated extremity, although there was a paralysis of varying dura- 


tion in all. In the animals dying as a result of the procedure, the hind quarters 


were removed after the method of Blalock '! as follows: A transverse cut was 


made through the lower part of the abdomen just above the iliac crests and con- 
tinued through the lower lumbar vertebrae; the hind quarters were then separated 


through the midline and the unpaired structures discarded. The symmetrical quar- 


ters thus obtained were weighed, and the difference in weight was calculated as a 


percentage of the body weight. In 11 experiments cultures were made just after 
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Fig. 3.—The loss of weight of anesthetized dogs as a function of the elapsed 
time. 


death from small pieces of muscle and areolar tissue from both thighs by grind- 
ing with sand and inoculating aerobic and anaerobic mediums. 


At necropsy the ligated legs were grossly swollen, boggy and discolored. On 
incising the skin a fluid escaped, in some cases clear and straw-colored, in others 
blood-tinged. This fluid was analyzed in 2 cases of this series and in 1 case of 
series D, with the following results: In that from dog 868, the leg of which was 
constricted 5!4 hours, the nonprotein nitrogen was 46.9 mg. per hundred cubic 
centimeters; proteins, 2.6 Gm., and chlorides, as sodium chloride, 603 mg. 
In that from dog 273, the leg of which was constricted 1434 hours, the proteins 
totaled 5.42 Gm. per hundred cubic centimeters and chlorides, as sodium 
chloride, 566 mg. In that from dog 583, the leg of which was constricted 7 hours, 
the proteins totaled 5.3 mg. per hundred cubic centimeters and chlorides, as 


sodium chloride, 689 mg. In 3 cases gas bubbles were observed in the tissues and 
crepitation was felt. 
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The results of these experiments are summarized in table 2. It will be observed 
that 6 dogs survived after the release of constrictions of from 2 to 6% hours, while 
13 dogs died after constrictors which had been applied from 3 to 20 hours were 
released. These animals died from 5 to 52 hours after release, the average of the 
survival periods being 25% hours. There was an average net loss in weight of 
4.26 per cent during this period, which is approximately the same as that observed 
in the control series. There was an additional loss of fluid into the constricted 
extremity averaging 3.54 per cent of the body weight at the time of death. An 
anaerobic gas-forming bacillus was recovered from the normal leg in 7 of 11 cases, 
and from the ligated leg in 8 of 11 cases; no specific identification of this Clostri- 


TasLe 2.—Results of Constriction Experiments 











Net Loss of 
Loss of Weight 
Weight at Into the Cultures* 
Dose of Duration Survival Death, Extremity, - ~ ~ 
Barbital of Con- After per Cent of per Cent of Con- 
Sodium, striction, Release, Body Body Normal stricted 
Dog Mg. per Ke. Hours Hours Weight Weight Leg Leg 
1 203 2 Recovery 
2 205 2.5 Reeovery 
4 270 3 26.5 0.38t 5.17 
892 271 3.25 52 7.4 2.3 + + 
260 3.5 33 2.44 3.13 _ + 
792 272 4 36 7.2 1.0 _ —_ 
755 263 q Recovery 
272 5 14 3.45 3.0 + + 
15 279 5.25 11 5.1 6.1 + + 
857 274 5.5 Recovery 
271 5.5 20 2.2 4.3 + + 
pe 273 5.5 44 3.9 2.5 + + 
754 261 6 Recovery 
? 6.5 Recovery 
> 259 7 8 2.0 2.1 _ _ 
6 252 S 47 3.25 4.61 
712 268 25.5 44 5.6 a — 
273 294 14.75 5 3.93 8.1 — + 
283 276 20 13.5 5.9 5.25 + + 
Average 262.4 25.6 4.26 3.54 





* A plus sign indicates the presence, a minus sign the absence, of Clostridia. 
+ Given saline solution two hours before death; this figure is not included in the average. 
t Morphine used. 


dium was attempted. Various other organisms were cultured infrequently and 
irregularly from both legs. 

The question as to whether thrombosis or occlusion of the vessels occurred in 
the constricted limb was investigated by dissection of the limb in most of the 
animals of the experimental series, and by the following studies on 3 dogs that 
were not included in the series: One hindleg of each was ligated as described 
for periods of 3%, 5 and 9 hours. When the animals were apparently moribund, 
14, 15 and 8 hours, respectively, after the release of the constrictor, the aorta was 
cannulated, the dog bled from the carotid artery, and a mixture of vermilion 
show-card color (mercuric sulfide) and water was injected at once into the 
distal aorta. Roentgenograms showed very nearly equal filling of the arteries 
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of the two legs (fig. 4), proving the absence of arterial thrombosis. No venous 
thrombosis was found in any case on dissection. 

C. Plethysmographic Studies—Three animals (457, 458, 459) anesthetized with 
sodium amytal or sodium barbital intravenously were studied to determine the 





Fig. 4.—Arteriogram of the hindlegs of a dog, one of which (at left in the 
figure) had been ligated for 9 hours. A show-card color solution was injected 
into the blood vessels and an x-ray film made 8 hours after release of the con- 
striction. Note the swelling of the ligated leg and the nearly equal filling of 
the arterial tree in each leg. 


effect of release of the obstructed blood supply to a limb on the general vasomotor 
tone. In each dog one hindleg was prepared by severance of all tissues, high in 
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the thigh, except the femoral artery and vein and the femoral and sciatic nerves. 
The artery and vein were obstructed for periods of from 2 to 2% hours and then 
released. A plethysmograph applied to the opposite limb and connected to a sensi- 
tive piston recorder showed in all cases a transient minor vasodilatation of 0.2 cc. 
or less and of about a minute’s duration. 


D. Transfusion and Amputation Experiments——Eight experiments, summarized in 
table 3, were carried out in an attempt to prevent by treatment such deaths as were 
observed in series B following prolonged constriction of a limb. The anesthesia 
and method of constriction were in all cases exactly similar to those of series B. 

In 2 animals (583 and 585) a limb was constricted for 7 and 10 hours, respec- 
tively, and the animals were treated with very large amounts of citrated whole 
blood, given in repeated small doses at intervals, and usually accompanied by 


Tasie 3.—Transfusion and Amputation Experiments 


Loss of 
Weight 
Into Ex- Cultures* 
Weight Duration Survival tremity, -— 
of ofCon- After per Cent Con- 
Dog, striction, Release, of Body Normal stricted 
Dog Kg. Hours Treatment Given Hours Weight Leg Leg 
585 10.6 10 340 ee. of citrated blood and 375 16 7.35 — a 
ec. of physiologic solution of 
sodium chloride at intervals 
intravenously 
583 10.2 7 480 ce. of citrated blood and 200 7 3.98 _ _ 
ec. of physiologic solution of 
sodium chloride at intervals 
intravenously 
7 79 7 640 cc. of citrated plasma at 30% 6.0 — o 
intervals intravenously 
8 8.4 7 500 ec. of citrated plasma and 200 12 6.55 ~- ~- 
ec. of physiologic solution of 
sodium chloride at intervals 
intravenously 
9 9.2 10 Amputation 1% hours after re- Recovered 


lease, and 500 cc. of citrated 
blood intravenously 


10 13.4 7% Amputation 4 hours after re- Recovered 
lease, and 615 cc. of citrated 
blood intravenously 


11 8.0 8 Amputation 3% hours after 8 
release 

12 8.8 7 Amputation 3% hours after 32 
release 





* A plus sign indicates the presence, a minus sign the absence, of Clostridia. 


physiologic solution of sodium chloride (table 3). These animals died 7 and 16 
hours after the release of the constrictor. Two dogs (7 and 8) each had a limb 
constricted 7 hours, and likewise died in spite of the administration of very large 
doses of citrated plasma. In these 4 experiments in which death occurred after the 
replacement of blood or plasma in apparently adequate amounts, there was a marked 
increase in the loss of fluid into the ligated extremity as compared with the losses 
observed in series B, the average amount being 5.77 per cent of the body weight. 
Thus, it appeared that much of the fluid administered failed to remain in the gen- 
eral circulation, but instead was poured out into the tissues of the damaged limb. 

Therefore, in 2 animals (9 and 10) amputation of the ligated leg at the level 
of constriction was done 1% and 4 hours after release of the tourniquet, at which 
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time the leg was markedly swollen in each case. The amputation was followed 
by the administration of large amounts of whole blood at intervals. These animals 
survived, being killed at 5 and 7 days. 


Two other animals (11 and 12) were treated by amputation of the ligated leg 
at the level of constriction 34% and 3% hours after release, without administration 
of blood or other fluids. These died at 8 and 32 hours after release, respectively. 


COMMENT 


) 


In series B of the experiments described it was observed that 69 
per cent of the dogs died after the release of a constrictor applied to one 
hindlimb for periods of from 2 to 20 hours, while only 17 per cent 
of a control series (series A) died from the prolonged anesthesia and 
fast of a similar period of observation. When the constrictor is released 
(fig. 1) there is a very transient fall of the blood pressure, with 
recovery, followed by a more gradual and more pronounced fall, which 


continues in the experimental animal until death occurs. The primary 


fall is probably due to reactive hyperemia and to the absorption of 
metabolites into the general circulation, since in series C a fleeting 
minor vasodilatation was demonstrated in the opposite limb. 

But it is the secondary gradual depression of the blood pressure 
with which we are principally concerned, since it is sustained and seems 
to be related to the cause of death from constrictor release. The chief 
causes to be considered in explanation of this secondary fall and of 
the mortality from the release of a tourniquet are as follows: (1) the 
formation of toxic tissue metabolites or of the products of anaerobic 
bacteriolysis in the ligated limb and their absorption on release; (2) 
the withdrawal of fluid from the circulation to be poured out into the 
limb as a transudate in sufficient quantities to embarrass the general 
circulation. It was shown by dissection and by roentgenographic studies 
that the vessels of the ligated limb remain patent, so that either of the 
factors mentioned might be affective. 


In regard to the question of the absorption of toxic metabolites 
from the damaged limb, it seems that their concentration would be 
greatest immediately on release of the constrictor and would then 
diminish rapidly as circulation continued through the limb. Death from 
this cause would therefore be expected to occur soon after the reestablish- 
ment of the circulation through the limb; but such is not the case, 
since the animals died on the average 25%, hours after release. On 
the other hand, this interval of time is compatible with the depletion 
of the blood volume by the slow process of transudation either generally 
or locally into the limb. It was shown in the experiments that a large 
loss of fluid occurs locally; it is thought, therefore, that the effect 
of the absorption of metabolites is combined with the effect of reactive 
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hyperemia to cause the primary transient fall of the blood pressure, 
and that it is not important in the causation of the more serious secondary 
fall. 

No definite conclusion can be reached from the present experiments 
as to. the importance of the products of bacterial action in the limb in 
the causation of death. Clostridia were demonstrated in the tissues of 
both the normal and the constricted legs in a majority of the experi- 
ments, but no tests were made as to the production of exotoxin by the 
strains recovered. But, in view of the work of Trusler and Reeves," 
it is possible that these organisms are not identical with Clostridium 
Welchii and do not form a true exotoxin. However, the “muscle 
organism” described by these authors formed gas and liquefied tissues 
much as Cl. Welchii does, and the products of this disintegration of 
tissue may be circulatory depressants. 


The possibility that death is due to the withdrawal of fluid from 
the circulation to produce swelling of the limb seems likely from the 
expefimental data presented. By calculation of the difference in weights 
of the two hind quarters it was found that an average accumulation of 
fluid equal to 3.54 per cent of the body weight had occurred in the 
constricted limb. This fluid had chemical characteristics showing that 
it was, in large part, plasma. It has been shown by Blalock ?® that 
loss of plasma is lethal when it is removed in small amounts totaling 
on the average 2.4 per cent of the body weight over an average period of 
28% hours. It is thought, therefore, that the amount of part-plasma 
fluid lost into the constricted limb in the present experiments is adequate 
to cause death. 


A contributory cause of death in experiments of this type is the 
long period of anesthesia during which no food or fluids are given. There 
was found an average loss of weight, chiefly from the respiratory 
tract, of 4.26 per cent of the body weight during the average period 
of 25% hours; this loss of water no doubt constitutes a sensitization to 
further loss of fluid, as into the constricted limb. 

The animals of series B fall into three groups, as follows: (1) those 
in which the limb was constricted for periods of less than 3 hours, 
all of which recovered, (2) those in which the legs were ligated from 3 
to 6% hours, of which some died and some recovered, and (3) the group 
in which constriction was for periods longer than 6% hours, all of which 
died. Thus, the mortality from ligation and release of an extremity 
increases with the duration of ligation. 


15. Trusler, H. M., and Reeves, J. R.: Significance of Anaerobic Organisms 
in Peritonitis Due to Liver Autolysis, Arch. Surg. 28:479 (March) 1934. 


16. Blalock, A.: Experimental Shock, South. M. J. 23:1013, 1930. 
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The administration of blood or plasma to the animal in amounts 
approximately equal to the estimated loss of fluid into the ligated 
extremity was found to be insufficient to prevent death after prolonged 
constriction. The reason for the failure of this method of treatment 
was apparently that the blood or plasma administered did not remain 
in the general circulation but was poured out into the damaged limb 
as an increased amount of transudate, where it was, in part, recovered in 
the experiments. When this leakage was prevented by amputation, 
transfusion of blood caused survival. Amputation of the ligated leg 
without the administration of blood or plasma was shown to be inade- 
quate to prevent death when performed after swelling of the leg had 
occurred. 

SUMMARY 


Experiments were performed on 19 dogs in an effort to study the 
effects of prolonged constriction of a limb. One hindlimb of each 
dog was ligated by means of a rubber tourniquet for a period of from 
2 to 20 hours under barbital anesthesia and then released. Of these 
animals 69 per cent died at an average interval of 2534 hours after 
release of the constrictor, while only 17 per cent of a control series 
died. No animal with a leg constricted for less than 3 hours died, 
while every animal with a leg constricted for a period in excess of 644 
hours died. 

The possible reasons for the depression of blood pressure which 
follows the release of a tourniquet and for the subsequent death of the 
animal were discussed. It was thought that reactive hyperemia of 
the constricted limb and the absorption of metabolites from the limb 
were probably responsible for the primary transient depression of the 
blood pressure, but that the secondary and more serious fall of blood 
pressure was occasioned by swelling of the damaged extremity by 
transudation and the consequent diminution of the circulating blood 
volume. The local loss of a part-plasma fluid in amounts probably 
adequate to cause death was demonstrated. The absorption of the 
products of anaerobic bacteriolysis of the tissues is another possible 
factor in the lowering of the blood pressure, but no positive proof or 
denial of its importance can be adduced from the present experiments. 
Survival of the animal after prolonged constriction of a limb was 
obtained by amputation of the limb followed by transfusion of blood, 
but not by transfusion alone or by amputation alone. 


CONCLUSIONS 


1. Prolonged constriction of an extremity by a tourniquet and release 
result in circulatory depression and death in a high percentage of dogs. 
The mortality increases with increased periods of constriction. 
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2. The fall of blood pressure and death are probably due chiefly 
to the withdrawal of water and plasma proteins from the general 
circulation to produce local swelling of the constricted limb. 

3. Transfusion of blood or amputation of the leg after swelling 
has occurred are inadequate to prevent death after prolonged constriction. 
Amputation of the damaged limb followed by transfusion, however, 
leads to survival. 














THE PRESENT STATUS OF IODINE IN TREAT- 
MENT OF EXOPHTHALMIC GOITER 


JOSEPH L. De COURCY, M.D. 
CINCINNATI 


The value of iodine in the preoperative treatment of exophthalmic 
goiter is too well established to admit of any controversy. Since 
Plummer almost twelve years ago put forward his advocacy of aqueous 
solution of iodine U. S. P. administered in connection with the treat- 
ment of this condition there has been a steady increase in the employ- 
ment of this therapy and a corresponding increase in the success which 
has attended therapy of goiter in general, attributable largely to iodine 
medication. So great indeed has this success been that there is per- 
ceptible at present a tendency to overdo iodine medication and to 
make use of it as routine in all cases in which dysfunction of the thyroid 
has been postulated or even suspected, without due consideration of 
possible contraindications or a real understanding of all the factors 
involved. 

This tendency is much to be deplored, for it will inevitably lead to 
a revolt against the apparent misapplication of a valuable therapeutic 
adjuvant simply because it has failed to prove itself a specific for 
every manifestation of disease of the thyroid. There seems to be 
little in the recent literature which sounds any such note of warning, 
nor have I encountered detailed discussions of the limitations which 
an extended use of aqueous solution of iodine as a preparative measure 
in the surgical treatment of exophthalmic goiter has taught the medical 
profession to respect most strictly. 

An exception to this is the paper by Martin* of Montpellier, which 
appeared in the Archives de la Société sciences Médicales du Mont- 
pellier in March last year. In this paper stress was laid on the advan- 
tages of iodine medication in early life. For simple goiter it is 
recommended “invariably” for children, “under careful surveillance” 
for adolescent boys and girls, “with extreme prudence” for persons 
over 25 and “never after 40 except at the risk of producing Basedow’s 
syndrome.” But as preparation for operation when exophthalmic goiter 
is already established, its “prudent employment in small doses and for 
a very limited time” is allowable, although the author concluded by 
stating his opinion that its value is to be questioned in any case of 


From the Department of Surgery, De Courcy Clinic. 


1. Martin, J.: Tode et goitres, Arch. Soc. d. sc. méd. et biol. de Montpellier 
15:206, 1934. 
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exophthalmos. For one case in which it cures, it aggravates the con- 
dition in a far greater number, he wrote. 

I cannot subscribe to the conclusions of this French author, for 
during a period of more than a decade my colleagues and I have 
employed iodine as routine preoperative medication and have noted a 
steady improvement in postoperative results and a lowering of mor- 
tality, which despite greater skill in operative technic can be accounted 
for by nothing except the virtues of this preoperative medication. 
Therefore, we do not hesitate to state emphatically that iodine should 
be administered’ when preparing patients with hyperplastic goiter for 
operation. 

DURATION AND DOSAGE 


In the matter of duration of this preoperative medication as well as 
the amount to be given, we again differ with Martin, although his 
method of treatment is based on that followed in Switzerland, where 
an unparalleled experience with goiter (although mostly of the colloid 
type) has given physicians an authority which cannot be lightly dis- 
regarded. Martin advocated fractional dosage: 5 drops twice a day 
or, better, 2 drops five times a day, which acts much better than 10 
drops taken all at once. 

Against this I would contrast our procedure, for despite this and 
other opinions to the contrary, I do not think that small doses of 1 or 
2 minims (0.062 or 0.124 cc.) are sufficient. We have yet to have evi- 
dence presented which will serve to convince us that doses as small as 
those mentioned will be efficient in producing the stasis in the thyroid 
activity which is the result sought by such medication. We maintain 
that the chief action of iodine in these cases is mechanical. Depletion 
of the iodine store of the thyroid gland in cases of exophthalmic goiter 
has been repeatedly demonstrated. When one administers iodine in the 
form of aqueous solution of iodine, U. S. P., there is a rapid increase in 
the colloid content of the gland. This causes backpressure on the 
glandular acini and cell structure, as well as on the blood vessels by 
which they are surrounded, thus producing decided edema within the 
gland. This edematous condition is invariably in evidence when one 
operates on the thyroid of a patient previously treated with iodine. It 
is the mechanical action of the edema which causes a stasis of functional 
activity in the secreting cells of the glandular tissue. Because of this 
lowered functional activity the amount of toxin poured into the blood 
stream is shortly diminished, and clinical improvement is soon apparent. 
To bring about this stasis the action of the solution of iodine must be 
prompt ; otherwise its purpose will be defeated. 

Acting on this line of reasoning, we give large doses of aqueous 
solution of iodine—sometimes as high as 10 minims (0.62 cc.) three 
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times a day—and the results obtained, we believe, fully justify us in 
continuing this course. Though we prefer the aqueous solution, there 
is no reason to stress the importance of one form of iodine over another. 
We do think, however, that inorganic iodine is superior to the di-iodo- 
tyrosine preparations concerning which one heard so much several 
years ago. It may be remembered that Gutman and his associates * at 
the Medical Center, New York, used this treatment in thirty cases of 
hyperthyroidism in which operation was to be performed, while main- 
taining a careful comparison with another series of cases in which 
aqueous solution of iodine or sodium iodide was administered. In their 
conclusions Gutman and his co-workers stated that they were more 
impressed by the similarities than by the differences between the response 
of patients with hyperthyroidism to di-iodotyrosine and the response 
to other iodine compounds, and in the end these workers decided that 
the conclusion that the effects of the two forms of medication are 
essentially the same “appears justified.” 

I have reason to believe that the fear that the administration of large 
doses will cause iodine hyperthyroidism is groundless. I will even go 
so far as to say that the existence of any such entity as hyperthyroidism 
caused by iodine appears problematic. It is reasonable to suppose that if 
one were to give large quantities of iodine over a long period iodism 
might occur and the good effects which the iodine medication unques- 
tionably has on the disturbance in the thyroid would in this way be 
obscured, even to the extent of simulating overactivity of the gland. 
But we have never observed such a case. 

As to the time which should be occupied in administering a course 
of iodine therapy, my colleagues and I are again in disagreement with 
the French surgeon whom I quoted. In clinical work we have found 
that from ten days to two weeks is usually sufficient for patients whose 
glands are only moderately enlarged. The size of the gland is the 
criterion, not the severity of the symptoms. Observations made during 
the period of administration of iodine will serve to establish the length 
of time medication should be continued. In patients with the large 
hyperplastic type of gland we watch for local changes in the thyroid 
itself and observe their relation to the abatement, or failure to abate, 
of the characteristic symptoms. In cases of this general type it is 
sometimes deemed wise to give iodine for as long as four weeks before 
considering the patient sufficiently prepared for operation. 

These remarks apply only to the use of iodine as a measure of pre- 
operative preparation. The long continued employment of iodine when 
surgical intervention is not contemplated is another matter. In this 


2. Gutman, A. B.; Sloan, L. W.; Gutman, E. B., and Palmer, W. W.: Role 
of Diiodotyrosine in Hyperthyroidism: A Comparison of Therapeutic Effect of 
Diiodotyrosine with Inorganic Iodine, J. A. M. A. 101:256 (July 22) 1933. 
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respect we are in complete agreement with Clute and Pilcher,’ who 
stated about a year ago: 


Surgery is a safe, quick, and sure method for the cure of hyperthyroidism. 
The longer the hyperthyroidism persists, whether it be partially controlled by 
iodine or not, the more serious the disease and the more dangerous the surgery. 
We are completely satisfied that it is wrong to give patients with hyperthyroidism, 
whether it be due to exophthalmic goiter or to adenomatous goiter, iodine for 
long periods of time, before insisting upon the surgical treatment. 


Many of Clute and Pilcher’s patients came to them after they had 
had long courses of treatment with iodine elsewhere. Indeed, it was 
doubtless the failure of this treatment that led their previous medical 
attendants to “give them up,” so that they eventually reached the Lahey 
Clinic as greater surgical risks and generally in much poorer condition 
than the patients who were under care in this clinic from the onset 
of hyperthyroidism and received iodine medication for only a limited 
period and purely as a preoperative measure. 

Clute and Pilcher were led to conclude that one of the greatest evils 
done by iodine is the influence of an initial gain under such medication 
“in misleading the patient and postponing, in certain cases, the necessary 
surgical measures in potentially malignant non-toxic goiters. The 
administration of iodine for long periods of time in hyperthyroidism 
does great harm in increasing the risk of surgery, the number of opera- 
tions necessary for the relief of the patient, and the prolongation of the 
patient’s disability.” 

As far back as 1928 Jackson * emphasized the grave possibilities of 
this situation. He found that although iodine effected a temporary 
benefit in cases of exophthalmic goiter this was followed by a period in 
which the patient became “iodine-fast” and acquired a tolerance for the 
drug. The metabolic rate, which at first had fallen with such gratifying 
promptness, again became elevated, and in some instances the myo- 
cardium was so damaged that auricular fibrillation occurred. In the 
meantime the general appearance and well-being of the patient improved 
temporarily, The weight increased, and in the patient’s own opinion he 
was deriving great assistance from the medication. This period of 
improvement, however, was variable. Some patients responded very 
well for three or four weeks, and then, in spite of rest and continuation 
of a high dosage of iodine, they began to go down hill, and all efforts 
to restore them to the original level of health ended in failure. 


3. Clute, H. M., and Pilcher, L. S., Jr.: Place of Iodine in Treatment of 
Goiter, New England J. Med. 210:117, 1934. 


4. Jackson, A. S., and Ewell, G. H.: Danger of Prolonged Use of Lugol’s 
Solution in Treatment of Exophthalmic Goiter with Case Reports and Study of 
Pathology, Am. J. Surg. 10:475, 1930. 
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These are the patients who later seek treatment in the well known 
clinics for the treatment of goiter. The surgeon to whom they even- 
tually are assigned is faced with a grave problem. He must perform 
the operation under risks practically as great as those taken before 
the therapy with aqueous solution of iodine was devised. For the 
“iodine-fast” patient a primary thyroidectomy is too dangerous. Lobec- 
tomy or ligation must be resorted to, and the long delay and uncertain 
outcome add greatly to the anxiety of all concerned. 

In view of these clinical observations, the probability that the thyroid, 
like the pituitary gland, secretes two distinct hormones becomes strong. 
Kendall’s ° work of almost two decades ago established the existence and 
action of a compound which has since been termed thyroxine. At the 
time this experimentation was being carried on, it was demonstrated 
that in cases of complete atrophy of the thyroid, when the basal 
metabolic rate is 40 per cent below normal, the administration of 
thyroxine alone will restore the rate to normal and maintain it as long 
as the extract is taken regularly. In commenting on this Kendall put 
the question: In complete atrophy of the thyroid, the complete or 
nearly complete absence of thyroxine may be assumed ; therefore, what 
maintains energy output from 100 per cent below normal, which would 
be death, up to 40 per cent below normal, the point to which basal 
metabolism sinks in the absence of thyroxine? 


Kendall was able to answer this question only by propounding 
another, which he used as the conclusion to a paper on the subject of 
thyroxine in 1918: 


That the active [chemical] groups present in thyroxin are a necessary mech- 
anism for the production of energy within the body seems highly probable, and 
it is of great interest and significance that there exists a close analogy between 
this substance, whose exact effect on metabolism we know, and other substances, 
creatin, creatinin, amino-acids and proteins, which are also intimately associated 
with reactions occurring within the animal organism. Are these substances also 
concerned in the maintenance of the basal metabolism? 


So far as I know, no one has attempted to answer this or allied 
questions until recently. A year ago, Davis ® sought to establish what 
it is that binds iodine to form the active principle of the thyroid, 
thyroxine. His method was suggested by Sweet’s article in 1918, in 
which it was related that a type of colloid goiter could be developed in 
dogs by ligation of the pancreatic duct. This suggested that the removal 
of trypsin from the intestinal tract brought about incomplete hydrolysis 
of the proteins to the amino-acid stage. In this event tyrosine would 


5. Kendall, E. C.: The Active Constituent of the Thyroid, J. A. M. A. 71: 
871 (Sept. 14) 1918. 


6. Davis, J. S., Jr.: Thyroid Secretion, Ann. Surg. 99:383, 1934. 
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not be available for the formation of thyroxine, and iodine would be 
stored in the thyroid. Davis’ results are not definite, but he did demon- 
strate that the dog in which the pancreatic duct was ligated died much 
emaciated if it received iodides by mouth or di-iodotyrgsine intra- 
venously but would live indefinitely if given thyroxine intravenously. 
On the other hand, tyrosine given by mouth did not delay death. The 
iodine content of the thyroid glands of such dogs was great. Other 
studies, such as those of Zechel* and McEachern,® though providing 
nothing definite in regard to a twofold secretion of hormone by the 
thyroid gland, have notwithstanding added evidence that the substance 
used under the name thyroxine represents much more than the active 
properties of iodine. 

When Dodds® in 1934 discussed substitutes for thyroxine, he 
brought out some interesting facts uncovered by chemists who are 
engaged in this search. Another compound isolated from the thyroid 
gland—3-5-di-iodothyronine—has been found capable of replacing 
thyroxine for therapeutic administration, showing, as Dodds put it, that 
“the thyroid lock may be picked by a skeleton key.” He added: “If we 
contrast the two formulae, it can be seen that they are relatively near to 
each other in structure, and all that is required is the introduction of 
two iodine atoms into the 3’: 5’ position.” It is just these slight differ- 
ences which should lead chemists eventually to the detection of the 
varying active principles, although there is probably a long road to be 
traveled before one comes to a clear field. But one should not be con- 
tent to try to explain the action of iodine solely in terms of understanding 
of the action and composition of thyroxine. For though, as Dodds put 
it, “to many it would appear that the isolation of the hormone represents 
the be-all and end-all of the experimentalist’s aim and object, yet we 
know that unless the actual mechanism of action is understood, we only 
understand one fraction of the problem.” 

It is not unreasonable to suppose that in estimating the chemical 
action of iodine administered as a preliminary to removal of the hyper- 
plastic thyroid one is dealing with two distinct hormones. One of these 
may cause symptoms of thyrotoxicosis in the face of a normal or sub- 
normal basal metabolic rate, appearing in conjunction with a so-called 
toxic adenoma or nodular thyroid. 


7. Zechel, G.: Cellular Studies on Thyroid Gland, Surg., Gynec. & Obst. 
54:1, 1932. 

8. McEachern, D.: Direct Measurements of Oxygen Consumption of Iso- 
lated, Beating Auricles from Normal and Thyrotoxic Guinea-Pigs, Bull. Johns 
Hopkins Hosp. 50:287, 1932. 

9. Dodds, E. C.: Hormones and Their Chemical Relations (Goulstonian 
Lecture), Lancet 1:1048, 1934. 
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ARCHIVES OF SURGERY 


ADMINISTRATION OF IODIDE IN RELATION TO OPERATION 


Contrary to the experience of Clute and Pilcher, which may be 
accepted as the general experience at the Lahey Clinic, my colleagues 
and I have*not had unpleasant occurrences during operation on patients 
who had been taking iodine for an extended period before they came 
into our care. Recently I operated on a patient with a large exophthalmic 
goiter who had been taking iodine, 10 minims four times a day, for six 
months previously. A bilateral subtotal thyroidectomy was performed, 
and convalescence was uneventful, with the temperature never going 
above 102 F. 

We continue to administer iodine after the gland has been removeil, 
giving 31 grains (2.615 Gm.) of sodium iodide intravenously while the 
patient is on the operating table. During the first twenty-four hours 
after operation, about 100 minims (6.2 cc.) is administered by rectum. 
If the patient is admitted to the hospital four or five days prior to 
operation, we keep her in bed and increase the previous dosage of iodine 
up to 15 minims (1.63 cc.) three times a day. 

I treated thirty-two patients in this way from January to December 
1934, with no fatalities. In most cases the operation is completed at 
one session, but if the goiter is exceptionally large we perform a uni- 
lateral lobectomy and remove the second lobe about three days later, 


closing the wound entirely in the interval between the steps of the 
procedure. We suture the sternothyroid muscle to the anterior fascia 
of the trachea but do not use any drainage when the thyroidectomy is 
completed. As we have performed more than fifteen hundred opera- 
tions without postoperative drainage, we are convinced that our practice 
in this regard has proved its wisdom. 


If the gland is friable the two stage lobectomy has proved the best 
method of handling, and we never perform a total thyroidectomy, as 
we feel that subtotal excision relieves the symptoms of hyperthyroidism 
and offers no risk of producing those attending myxedema. Subtotal 
resection is most satisfactory in those patients who give definite evidence 
of thyroid hyperplasia with hyperthyroidism together with congestive 
heart failure or angina pectoris. In this type of patient we have had 
particularly good results and have been able to confer substantial benefit, 
equal to that following total excision, without subjecting the patient to 
any of the risks of the more radical procedure. 

The administration of iodine must, of course, be carried out under 
the careful supervision by the physician in charge. Hyperthyroidism 
does not take place until a rise in the basal metabolic rate has been in 
evidence for a definite length of time. If toxic symptoms arise it is a 
sign that the secretion from the thyroid is not normal; in other words, 
one is dealing with a perverted secretion, not with an increase in the 
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amount of normal thyroxine. I dislike the term mild hyperthyroidism. 
No stage of hyperthyroidism should be looked on as mild. It is a grave 
condition calling for immediate consideration and treatment. Operation 
may not always be necessary, but to give the patient iodine medication 
(except for preoperative preparation) in the presence of demonstrable 
overactivity of the thyroid is a risky procedure. 


FATALITIES 


In urging operation in these cases of so-called mild hyperthyroidism, 
one must face the charge that death on the operating table has by no 
means ceased to take place. In a series of more than eight thousand 
thyroidectomies we have had five such deaths. One should never cease 
one’s efforts to reduce this mortality to zero. Anything which one can 
contribute toward this, from experience, should be freely put at the 
disposal of one’s colleagues, no matter how much one may feel per- 
sonal responsibility in a particular case. 

Of the five fatal cases in our series, one was an instance of a 
malignant condition of the thyroid. The immediate cause of death was 
an air embolism due to accidental tearing of an infiltrated jugular vein. 
In the four other cases the patient presented friable glands, and great 
traction was necessary. In the earlier cases I blamed the anesthetic 
for the fatal outcome and hoped to overcome the difficulty by using only 
nitrous oxide-oxygen anesthesia, with forced pressure when needed. 
This seemed to be satisfactory until recently, when another death 
occurred. 

It seems possible that pressure on the carotid sinus or at least 
stimulation of the reflex in the sinus may account for the sudden 
stoppage of the heart which appears to be due to the anesthetic. 
Sigler,’ in a study of the reflex in the carotid sinus made in 1933, found 
that there is a wide variation in the response of different persons to 
stimulation of this reflex. This he attributed to “variation in the 
vagotonic predisposition” which seems to be less in females and in 
persons with neurocirculatory asthenia. He also found that “local 
disease affecting the various components of the reflex vagal arc will 
lower the threshold of irritability of that arc, producing a heightened 
response.” But as all the patients with similar disease conditions did 
not exhibit the same response, it was suggested to Sigler that “vagotonic 
predisposition is necessary in addition to the diseased state.” This 
predisposition to slowing of the heart by pressure on the carotid sinus 
increases with age, reaching its maximum in middle life, and Sigler 


10. Sigler, L. H.: Clinical Observations on Carotid Sinus Reflex: Response 
to Carotid Sinus Pressure at Various Ages and Heart Rates and Rhythms, Am. 
J. M. Sc. 186:118, 1933. 
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also noted that the constitutional state associated with arteriosclerosis 
heightens the vagotonic tendency. 

In a later study,’' published a few months ago, Sigler presented 
fifty electrocardiograms obtained of pressure on the carotid sinus, which 
showed the predominant vagal effects on the heart to be sinu-auricular 
slowing or standstill and various grades of auriculoventricular block. 
Pressure on the right carotid sinus had a greater tendency to produce 
complete standstill. 

In his elaborate monograph on the carotid sinus, presented in 1933 
at the University of Paris, Merklen ** gathered a vast array of evidence, 
on which he commented as follows: 


There is special interest in the facts cited here for the surgeon, particularly 
for him who is called on to operate in the region of the neck. In cases of goiter 
or cervical tumor it is shown to be important to avoid all traction and irritation 
of the carotid arteries, which points to cocainization of the sinus being preferable 
to chloroform or ether anesthesia, as either of these forms of anesthesia may 
exaggerate still further the sinucarotid reflexes. 


It would seem that the vagotonic predisposition may have been 


present in our cases of unexplained death. This question should have 
further investigation. 


CONCLUSIONS AND SUMMARY 


1. Iodine has definite but limited value in the treatment of hyper- 
plastic goiter. It is used preferably in preoperative preparation. 

2. The period of preoperative iodinization should last from ten days 
to two weeks when the gland is of moderate size, regardless of the 
severity of the symptoms. Considerable dosage is required. 

3. The use of iodine for treatment without thyroidectomy in view 
has the unfortunate effect of making the patient “iodine-fast,” so that 
when operation finally becomes necessary preoperative iodinization fails 
to produce the temporary benefit required to reduce surgical risk. 

4. The temporary improvement following iodine medication in cases 
of exophthalamic goiter is due to the deposition of colloid and edema of 
the gland, causing backpressure on the glandular acini which checks toxic 
absorption. When compensation occurs in the gland the toxic symptoms 
reappear. 

5. Sudden death on the operating table continues to occur as a result 
of surgical intervention on the thyroid. We have had five such deaths 
in the course of performing over eight thousand thyroidectomies. 


11. Sigler, L. H.: Electrocardiographic Observations on Carotid Sinus Reflex, 
Am. Heart J. 9:782, 1934. 


12. Merklen, E. P.: Recherches cliniques et expérimentales sur le sinus 
carotidien, Thése de Paris, no. 137, 1933. 
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CONGENITAL DEFORMITIES 


New Treatment for Congenital Dislocation of the Hip.—Bauer ’ 
believes that congenital dislocation of the hip is due to an abnormal 
fixation of the fetus in utero. He substantiates this hypothesis by the 
finding of an asymmetry of the head associated with unilateral disloca- 
tions. As there has been a retardation in the development of the 
acetabulum and the head of the femur owing to the adduction of 
the legs in utero, the treatment consists of correcting and maintaining the 
legs in abduction in such a way that motion is still possible. A retentive 
apparatus is employed which is made of tape or ribbon in the following 
manner: (1) a pair of shoulder straps or suspenders is fastened to a 
circular band about the lower part of the chest and (2) ribbons are 
buttoned to the band; they extend posteriorly and are looped over 
the upper end of the tibia. In some instances the ribbons cross in the 
middle of the back. Motion is possible, yet abduction is maintained. 
Reduction occurs in from five to seven weeks. Retention in this position 
is continued for six months. The method is applicable for children 


This report of progress is compiled from a review of 173 papers selected 
from 313 titles relating to orthopedic surgery and appearing in medical literature 
approximately between July 1, 1935, and Oct. 15, 1935. Only those which sug- 
gested progress were chosen for review. 

1. Bauer, F.: Chir. d. org. di movimento 19:539, 1935. 
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under 2 years of age and preferably for those under 1 year; it is best 
for those less than 6 months of age. Twenty-two children with sub- 
luxation and 11 with dislocation have been treated this way. 


[Ep. Note.—This method of therapy is simple, but unusual con- 
fidence must be placed in the mother or the attendant to assure satis- 
factory maintenance of the apparatus. | 

Status of Therapy for Congenital Dislocation of the Hip.—Lorenz * 
reviews the various methods of therapy—prophylactic, conservative, 
palliative and operative. He concludes that not one form should be 
proposed, but that each patient should be given what seems best in that 
case. A careful review of the literature is given, but few new recom- 
mendations of therapy are made. 

{Ep. Note.—This paper is of interest chiefly as a retrospect and 
final word of an outstanding authority on this problem. | 

Treatment for Congenital Clubfoot——In an excellent article Kite * 
reviews the three essential elements of the deformity in congenital 
clubfoot : abduction of the forefoot, inversion of the os calcis and talipes 
equinus. He stresses the necessity of correcting these deformities 
singly in the aforementioned order if good results are to be obtained 
by conservative treatment. He has been able to correct severe deformity 
in 90 per cent of the cases without operative treatment and without 
forcible manipulation by the repeated application of plaster casts. He 
recommends the Hoke operation for clubfoot in the remaining 10 per 
cent of the cases when as much correction as possible has been obtained 
by casts and by wedging. 

Treatment for Clubhand.—Drinnenberg * reports his experience in 
the treatment of 3 children with clubhand, the result of a congenital 
defect of the radius. In 2 the ulna was transplanted into a wedge-shaped 
opening through the distal and the proximal row of carpal bones 
coming between the lesser multangular and the capitate carpal bones. 
After six weeks’ fixation in plaster, exercises were begun. Position and 
function were reported to be good one year after operation. In the 
third case the second metacarpal bone was osteotomized and was put in 
apposition to the other fingers in order to form a thumb. Good function 
in the thumb was observed one year later. 


Congenital Absence of the Fibula.—Lapasset and Cahuzac ® report 
in detail a case of bilateral absence of the fibula and review 295 similar 
cases reported in the literature. Their conclusions are that absence 
of the fibula is a fairly common congenital anomaly. The bone was 


. Lorenz, A.: Ztschr. f. orthop. Chir. 63:93, 1935. 

. Kite, J. H.: Surg., Gynec. & Obst. 61:190, 1935. 

. Drinnenberg, A.: Ztschr. f. orthop. Chir. 63:297, 1935. 
. Lapasset and Cahuzac: Rev. d’orthop. 22:110, 1935. 
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entirely absent in two thirds of the cases. When only a part of the 
fibula was absent, the remaining portion was usually the upper or the 
lower third, but seldom the middle third, of the bone. Congenital 
absence of the fibula was rarely seen alone but was usually accompanied 
by other abnormalities. In the upper part of the leg the only changes 
noted were occasional slight exaggeration of the usual femoral curves 
and atrophy of the external femoral condyle. In the lower part of the 
leg the tibia was usually thickened and deformed, showing a marked 
bow at the junction of the middle and the lower third, this being concave 
on the side of the missing fibula. The tibia was rarely incomplete. In 
the foot multiple anomalies were found which were difficult to classify. 
These anomalies could not be grouped as belonging to either the tibial 
or the fibular segment of the foot. Various theories as to the cause of 
this condition were enumerated, but no conclusions were drawn. Treat- 
ment varied with each individual case, but in general conservatism was 
practical until late in or after the period of growth. 














Congenital Genu Recurvatum.—A case of congenital genu recur- 
vatum is described by Middleton.* From the results of the clinical and 
histologic examinations he concludes that the deformity was due to con- 
tracture of the quadriceps extensor cruris muscle, resulting from intra- 
uterine fibrofatty degeneration of the striated muscle fibers. The 
pathologic process was in all respects similar to that found in cases of 
arthrogryposis multiplex congenita, or, to use Middleton’s term, myo- 
dystrophia deformans foetalis. Operative reduction was carried out in 
this case with a satisfactory result at the end of twenty-one months. 





METABOLIC DISTURBANCES 


Cevitamic Acid Therapy in Cases of Scurvy.—Cevitamic acid, which 
has been synthesized from dextrose and assays of which revealed that 
20 mg. of cevitamic acid is equivalent to from 15 to 20 cc. of lemon juice, 
was used by Goettsch’ in treating 4 infants with severe scurvy long 
enough for comparison with control patients receiving orange juice. 
Serial roentgenograms and studies of excretions were made. Calcium was 
deposited in subperiosteal hematomas on the second, third, fourth and 
fifth days, respectively, while in the control infants who received orange 
juice calcification was not noted until the eighth, tenth and eleventh days. 
From the point of view of subjective symptoms, treatment with cevitamic 
acid resulted in satisfactory clinical improvement and was at least as 
effective as treatment with orange juice. In no infant was relief from 
pain obtained, even when a massive dose of 400 mg. of cevitamic acid was 





6. Middleton, D. S.: Brit. J. Surg. 22:696, 1935. 


7. Goettsch, E.: Treatment of Infantile Scurvy with Cevitamic Acid, Am. J. 
Dis. Child. 49:1441 (June) 1935. 
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given intravenously. No untoward reaction followed intravenous therapy, 
in spite of the fact that the acid was not neutralized before injection. A 
single massive dose of cevitamic acid given either in pure form or as 
orange juice appears to favor healing of infantile scurvy as effectively 
as would the same total dose given in small daily portions over a period 
of eight days. 
TUBERCULOSIS 

End-Results of the Treatment for Tuberculosis of the Spine.— 
Stalmann * reviews the results of treatment in 218 patients suffering 
from tuberculosis of the spine, at Hanover, Germany. Gravitation 
abscesses were found in 23 per cent of the patients. Fistulas developed 
in 19 per cent. Paralysis was found in 14 per cent, but this symptom 
usually disappeared after rest in bed. Kyphos (persisting) was found 
in 89 per cent. The average period of healing was four and one-half 
years. Fifty patients had died (23 per cent), 5 from pulmonary tuber- 
culosis, 7 of tuberculous meningitis and 5 of amyloid disease. The 
remainder had died of various diseases only secondarily related to tuber- 
culosis. Treatment consisted of recumbency in a plaster bed with sun 
therapy and general measures to build up the patient constitutionally. 
The patient’s progress was followed by roentgenographic studies and 
by the blood sedimentation tests. When the general condition was suffi- 


ciently improved and roentgenograms: showed: healing, the patient was 


allowed to be up, and a leather corset was worn. No operations were 
reported. 


[ Ep. Nore.—Stalmann found the greatest number of cases in patients 
2 years of age—an unfavorable reflection on the practice of public health 
measures in that community. No mention is made of recurrences, but 
the very high percentage of persisting deformity suggests that more 
vigorous corrective measures and possibly occasional spinal fusion might 
have prevented some deformity. ] 


Tuberculosis of the Distal End of the Tibia and Fibula.—Logroscino ° 
reports 5 cases of tuberculous involvement of the distal metaphysis of 
the tibia and fibula (4 of the former and 1 of the latter). This lesion 
unaccompanied by a synovial lesion of the ankle is very uncommon. 
Sinus formation is frequent. Absence of fever and only slight relative 
pain and increase of local heat are significant in differentiating this lesion 
from a pyogenic lesion. In only 1 case was the diagnosis proved. Treat- 
ment consisted of immobilization. Eventual recovery without loss of 
motion of the ankle occurred. It is of interest that in several of these 
cases there were multiple tuberculous lesions. 


8. Stalmann, A.: Ztschr. f. orthop. Chir. 63:319, 1935. 
9. Logroscino, D.: Chir. d. org. di movimento 19:545, 1935. 
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Significance of Postnatal Development of the Tubular Bones for the 
Localization of Tuberculosis.—Stefko *° states that the earliest changes 
in the bone of an infant in whom tuberculosis of the bone is developing 
secondary to a pulmonary lesion are to be seen about the tiny vessels which 
run in the canals of the lamellae. Perivascular infiltration is followed 
by erosion of the surrounding lamellae and rupture into the adjacent 
marrow cavities. At the age of 2 years vascularization of the lamellae 
is maximal. Also up to the age of 3 or 4 the marrow is of the myeloid 
type, which seems to favor the growth of tubercle bacilli. Older persons 
who chance to retain partially the myeloid type of bone marrow are 
particularly disposed to the development of tuberculous osteomyelitis. 
As a result of these infantile differences in bone, juxta-epiphyseal foci, 
which show only a poor tendency to calcify, remain quiescent on into 
later years. These foci may light up and later involve the marrow 
or the capsule. 


Traumatic Tuberculosis—Schiller** reports 2 cases which he 
believes to be instances of traumatic tuberculosis. In both instances 
the process appeared in a local operative site in a child who showed no 
signs of local or general tuberculosis before operation and no evidence 
of general tuberculosis afterward. The first patient, a boy of 11 years, 
had a closed redressment done for a moderate grade, congenital hollow 
foot (bilateral). After removal of the corrective cast, in five weeks, a 
swelling was noted on the lateral aspect of the left foot. It was proved 
histologically to be tuberculous. In the second case tuberculosis followed 
an open reconstructive operation on a foot that had been deformed 
by infantile paralysis. A cast was worn for three months, when weight 
bearing was resumed. Seven weeks later, while the patient was still 
wearing the cast, pain developed. On the removal of the cast a swelling 
was seen on the lateral aspect of the foot. Its contents were proved 
to be tuberculous. A third case was recounted, although the patient was 
not seen personally. 


Association of Intrathoracic Lesions with Tuberculosis of the Bones 
and Joints—Meng and Chen,’? from a study of 100 cases of tuber- 
culosis of the bones and joints in Chinese, found that 47 per cent of 
the patients had frank pulmonary involvement and 75 per cent had intra- 
thoracic lesions of varying degree. According to the authors, the human 
tubercle bacillus was the invading organism more often than the bovine 
tubercle bacillus. Patients with lesion of a single joint had a greater 
preponderance of pulmonary involvement than did those with lesions 
of several joints. Of the 100 cases, draining sinuses were found in 66. 





10. Stefko, W. H.: Ztschr. f. Tuberk. 72:243, 1935. 
11. Schiiller, J.: Miinchen. med. Wchnschr. 82:834, 1935. 
12. Meng, C. H., and Chen, L. L.: J. Bone & Joint Surg. 17:552, 1935. 
























































































300 ARCHIVES OF SURGERY 


Fifty-five per cent of the patients were treated by amputation lecause 
they were seen in the late stages of the disease. Arthrodesis was done 
in only 11 cases. The diagnosis in 96 was verified by histologic section. 


POLIOMYELITIS 

Some Factors in Control of Poliomyelitis —Fairbrother ** suggests 
that the sporadic nature of acute poliomyelitis in Great Britain is due to 
a wide dissemination of a virus of limited virulence which has imbued 
the majority of the adult population with some immunity. In handling 
these small outbreaks, he suggests that all patients with poliomyelitis and 
those suspected of having it should be isolated and that prophylactic 
inoculations of serum and gargles of oxidizing substances should be 
given to those who have come in contact with patients. Serum therapy 
by the intravenous and intramuscular routes should be instituted without 
delay in cases diagnosed in the early stages. 


CHRONIC ARTHRITIS 


Osteo-Arthritis of the Hip Joints—McMurray * analyzes a series 
of 89 cases of osteo-arthritis of the hip joint and concludes that while 
manipulation may produce relief from the symptoms and an increase 
of movement, these improvements are only temporary. With regard 


to operative procedures, he is of the opinion that although arthroplasty 
is ideal, usually no real benefit is secured for the patient ; that arthrodesis 
of the hip is an extensive operation, and that while it removes the pain 
from the joint, it puts a great strain on the lumbar portion of the spine 
and the sacro-iliac region, which may become crippled later. The 
bifurcation operation of Lorenz, however, is simple, of short duration 
and, if correctly carried out, brings relief without loss of stability and 
puts no strain on the lumbar portion of the spine. 

Under-Water Gymnastics in Cases of Chronic Arthritis —Currence 
states that, regardless of type, patients suffering from chronic arthritis 
do not tolerate under-water therapy in a tank at the usual 86 F. which 
is used in cases of poliomyelitis, and water at body temperature is 
required at the start, with a gradual increase to from 101 to 104 F., 
depending on the point which produces maximal relaxation. The tem- 
perature is then gradually reduced to from 96 to 98 F., depending on 
individual comfort. Relaxation is characterized by vasodilatation of 
all of the capillaries of the skin. During treatment, the relaxation 
greatly relieves muscular spasm and pain. Joints which are painful on 
motion should be massaged by gentle stroking before active motion is 


13. Fairbrother, R. W.: Brit. M. J. 1:916, 1935. 
14. McMurray, T. P.: Brit. J. Surg. 22:716, 1935. 
15. Currence, J. D.: Arch. Phys. Therapy 16:291, 1935. 
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permitted. As muscle tone increases, active under-water exercise is 
permitted. Maximum benefit results from regular, daily, systematic 
treatments. Unless daily treatments are given, the tendency to retro- 
gression during the interval is too great to allow noteworthy success. 
Caution should be observed to avoid the complaint of fatigue following 
treatment. Elderly persons suffering from osteo-arthritis have received 
the greatest benefit in the author’s hands, but patients with rheumatoid 
arthritis whose disease has actually subsided and whose joints were not 
ankylosed can be helped also. 


THE KNEE 


Traumatic Injury to the Knee—Darrach** studied 596 cases of 
traumatic injury to the knees seen at the Presbyterian Hospital in New 
York. Of these, 157 were cases of internal derangement of the knee 
joint. He favors a large exploratory incision and advocates a rigid 
aseptic nontouch technic. 

Spaulding,’* summarizing his experience from operations in 146 cases 
of traumatic injury to the knee, discourages the use of large incisions. 
He never uses a tourniquet. In no case was there postoperative sepsis. 


Injuries to the Cruciate Ligaments.—Milch** reports experiments 
and clinical evidence from which he concludes that, contrary to the 
general opinion, the anterior cruciate ligament is not a necessary struc- 
ture and its loss is compatible with normal function of the knee joint. 
He states that surgical efforts should be directed primarily toward repair 
of the internal lateral ligament by means of the Alwyn-Smith procedure 
rather than toward the repair of the cruciate ligament by the Hey Groves 
operation. He reports a number of cases in detail to illustrate this 
thesis. 

SPASTIC AND ISCHEMIC PARALYSES 


Treatment for Spastic Paralyses—Feévre ** discusses the results of 
various therapeutic procedures in cases of spastic paraplegia. The 
results are extremely variable, but surgical intervention is often indicated. 
The author feels that is particularly true if the surgeon keeps in mind 
that improvement and not cure is the goal. Most of the operations 
mentioned in Feévre’s paper were performed on children with Little’s 
disease. Talipes equinus yields best to lengthening of the tendon. 
Flexion deformity of the knee requires both lengthening of the tendon 
(or tenotomy) and neurotomy (Stdffel’s operation). Adduction 
deformity of the thigh likewise requires operations on both the nerves 


16. Darrach, W.: Ann. Surg. 102:129, 1935. 
17. Spaulding, H. V.: Ann. Surg. 102:115, 1935. 


18. Milch, H.: Injuries to the Crucial Ligaments, Arch. Surg. 30:805 (May) 
1935. 


19. Févre, M.: Rev. d’orthop. 22:220, 1935. 
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and the muscles. Feévre concludes that, except for the Achilles tendon, 
operation on tendons alone do not suffice but should be supplemented 
by neurotomy. 

“New Pathways for Children with Cerebral Palsy,” by Rogers and 
Thomas,”° a textbook which is the result of many years of experience 
in the treatment of cerebral palsy, is the best and most comprehensive 
treatise on this problem which we have seen. The authors not only 
discuss the physical rehabilitation but also give sane advice as to 
pedagogic procedures and the problems of social adjustment. A chapter 
by Dr. Nelson Hatt reviews the surgical procedures applicable to 
patients with cerebral palsy and their special indications. Many of the 
methods advocated have been worked out in a commonsense manner at 
the special camp, “Robin Hood’s Barn,” which is directed by the authors. 

Volkmann’s Paralysis —Sorrel ** advocates resection of both bones 
of the forearm in cases of Volkmann’s paralysis. Enough bone is 
resected to allow complete extension of the fingers when the wrist is in 
extension. This sometimes necessitates removing as much as 4 or 5 cm. 
of bone. The method of resection used is called resection en chevron 
and consists in making a slot in the end of one bone, into which is 
fitted the pointed end of the other bone. In addition to shortening the 
bone, it is necessary to strip the deep and superficial flexor muscles from 
their insertions and to cut or strip the pronator muscles. 


[Ep. Nore.—This suggests a rather formidable surgical procedure. 
The pushing distalward subperiosteally of the origin of the flexors of 
the forearm, as recommended by Steindler,?* has in most cases produced 


sufficient relaxation of the flexor tendons and is a much simpler pro- 
cedure. | 


CIRCULATORY DISTURBANCES OF THE EXTREMITIES 


Thrombo-Angitis Obliterans—From experience with 48 cases of 
thrombo-angiitis obliterans in which sympathetic ganglionectomy was 
performed, Telford and Stopford ** conclude that the operation not only 
is to be recommended, but is the only procedure that offers any hope of 
permanent relief. The disease is always bilateral, and the best results 
are obtained in younger men or in patients in whom the spasmodic 
element is well defined clinically, as evidenced by reaction to exercises 
and the customary preliminary vasodilator tests. With regard to 
positional color changes, it was found that the more clearly these were 
marked the less successful was the operation. 


20. Rogers, Gladys G., and Thomas, Leach C.: New Pathways for Children 
with Cerebral Palsy, New York, The Macmillan Company, 1935. 

21. Sorrel, E.: Paris méd. 1:569, 1935. 

22. Steindler, A.: Am. J. Orthop. Surg. 15:741, 1917. 

23. Telford, E. D., and Stopford, J. S.: Brit. M. J. 1:863, 1935. 
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TETANUS AND GAS GANGRENE 


Analysis of One Hundred and Eighty-Five Cases of Tetanus.— : an 
After reviewing the reports of all cases of tetanus previously observed 4 
at the New Orleans Charity Hospital, Boyce and McFetridge ** ana- i 
lyzed an additional 185 cases observed there from Jan. 1, 1930 to Oct. a | 
31, 1934. They believe that in the average patient less than 50,000 units ig 
of antitoxin is inadequate while a dose of over 100,000 units is unneces- 
sary and wasteful. Intramuscular injection alone gave a mortality of 
49 per cent; when it was combined with an intravenous injection a 
mortality of 61 per cent was observed, and when it was combined with 
the local route of administration, the mortality fell to 33 per cent, though | 
only 9 patients received this treatment. When intraspinal therapy was / id 
used the mortality was 66 per cent. This finding and other evidence led t ig 
the authors to believe that intraspinal therapy should be discarded. 1 
During the past two years 15 patients were given tri-bromethanol in 
amylene hydrate to control spasm. The initial dose was from 80 to 
100 mg. per kilogram of body weight, with succeeding smaller doses 
before the effects of the previous dose had passed. Special attention 
was paid to functioning of the bowel and the bladder, to frequent 
aspiration of the secretion in the nasopharynx in deeply narcotized 
patients and to frequent changing of position to prevent hypostatic 





pneumonia. In this small series of patients the mortality was 23 per i 
cent if the 2 patients who died six and twelve hours after admission are i 4) 
omitted. i 
Treatment of Tetanus——From the analysis of 21 cases of tetanus, i 
Cole and Spooner *° suggest that the routine treatment for persons with i 


this condition should be the intravenous injection of 200,000 units of 
antitoxin as early as possible and that this injection should be followed, 
after an interval, by a thorough cleaning of the wound, where bacteria 
are still active. The value of an adequate diet, of at least 2,000 calories 
per day, is emphasized. The administration of tri-bromethanol in 
amylene hydrate to control the spasms is recommended. 


Gas Gangrene and Gas Infections—Ghormley,” from a study of 33 
cases of gas infections at the Mayo Clinic, has arrived at certain con- 
clusions and emphasizes two important factors in diagnosis and treat- 
ment. In this type of infection there are two distinct clinical pictures, 
which are dependent on two separate types of organism: (1) Clostri- i 
dium welchii or the gas bacillus, and (2) Clostridium oedematis-maligni, ih | 
or Vibrion septique. Infection due to the latter is the more serious as Ft 
to recovery and does not present the typical picture of gas gangrene. a | 








24. Boyce, F. F., and McFetridge, E. W.: New Orleans M. & S. J. 87:12, 
1935. ! 


25. Cole, L., and Spooner, E. T. C.: Quart. J. Med. 4:295, 1935. Ly 
26. Ghormley, R. K.: J. Bone & Joint Surg. 17:907, 1935. 
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The diagnosis is based on pain, swelling, elevation of the pulse rate, 
smears from the wound and blood cultures, discoloration, a bad 
odor, which is not a constant sign, elevation of temperature and the 
appearance of gas bubbles in the roentgenogram. Treatment is 
dependent on: (1) accurate diagnosis; (2) early surgical intervention, 
involving multiple incisions into the skin and muscles if necessary 
(guillotine amputation well above the infected area being advocated in 
cases of extensive involvement of the muscles); (3) serum therapy 
(intravenously), and (4) dressings of a solution of hydrogen peroxide, 
a dilute solution of sodium hypochlorite or a solution of potassium 
permanganate, the chief point being not to pack the wounds too tightly. 


NEOPLASMS 

Roentgenographic Diagnosis of Tumors of the Bone.—Geschickter *" 
states that since there is a definite limitation to the findings in a lesion 
of the bone depicted by roentgenograms, it is important to obtain 
information from other sources to increase one’s diagnostic ability. 


Limited to tumors of the bone, emphasis is given to roentgenographic 
features in this paper with remarks regarding treatment and whether 
or not roentgen therapy would be advisable in each case. Forty sets 
of excellent illustrations are given with accompanying photomicrographs 


in some cases. The lesions are divided into two groups: osteogenic 
tumors and tumors which are of nonosseous origin. In each instance 
a careful interpretation of each illustration is given. This is an excellent 
paper for summarizing the important tumors found by the roentgen- 
ologist or the orthopedic surgeon. 

Treatment of Giant Cell Tumors—Geschickter ** discusses the 
treatment of giant cell tumors under the headings of: (1) indications 
for roentgen therapy and (2) indications for surgical intervention. 
He feels that four important factors should be considered before treat- 
ment is undertaken: (1) accurate diagnosis, (2) determination of the 
amount of healthy bone around the tumor, (3) the function of the 
bone involved, which may determine the type of treatment to employ, and 
(4) the possibility of performing a thorough surgical removal of the 
lesion without impairment of function. In a follow-up study of 300 
cases in which various methods of treatment were used, the percentage 
of successful results was highest when resection was employed. 


Secondary Marble Bones.—Weber*® suggests that the term 
“secondary marble bones” should be applied to the condition of wide- 
spread hyperplastic osteosclerosis which is sometimes seen in roent- 
genograms of the skeletons of patients suffering from carcinoma of the 


27. Geschickter, C. F.: Am. J. Roentgenol. 34:1, 1935. 
28. Geschickter, C. F.: J. Bone & Joint Surg. 17:550, 1935. 
29. Weber, F. P.: Lancet 1:377, 1935. 
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prostate. These bones became infiltrated by millions of metastases, 
which are smaller than miliary, many consisting of only a few cells at 
the time of the patient’s death. Weber expresses the opinion that the 
growth of new bone is brought about by the action of the prostatic 
epithelium, which probably acts in the same way as transplanted epi- 
thelium of the urinary bladder or ureter. 




































MISCELLANEOUS 


Diagnosis of Loose Bodies in the Elbow Joint.—Stiasny *° advises 
pneumography of the elbow joint as a means of visualizing free bodies 
and differentiating intra-articular from extra-articular bodies. The 
puncture needle is inserted under local anesthesia laterally and posteriorly 
near the olecranon. It is necessary to enter the joint with a single 
puncture, else the air or carbon dioxide injected thereafter may escape 
into the adjacent tissues. 


Stenosing Tenosynovitis—Soeur * reports 8 cases of stenosing teno- 
synovitis of the abductor and short extensor tendons of the thumb 
and gives an excellent summary of the pathologic picture and symptoms 
of the condition. He is of the opinion that the condition is of traumatic 
origin and is best treated by open operation with division of the annular 
ligament and tendon sheath. He considers conservative measures such 
as physical therapy and immobilization a waste of time in any but the 
mildest cases. 

Staphylococcus Toxoid: Clinical Trial—Murray * suggests that the 
quantitive estimation of the staphylococcus antitoxin in the blood may 
be of diagnostic value in obscure conditions of the bone as he noted 
that while superficial staphylococcic infections influenced the quantity 
of antitoxin in the blood little if at all, staphylococcic infections of the 
bone increased it markedly. The quantity of circulating antitoxin could 
be greatly increased by the injection of staphylococcus toxoid. Four 
weekly injections of the toxoid, making a total of 0.75 cm., gave the 
maximum results. The injections were accompanied by very few 
reactions. 






ORTHOPEDIC OPERATIONS 


Treatment of Acute Purulent Arthritis by Washing and Closure of 
the Joint—Jones ** feels that there is a certain type of septic joint, i. e., 
the intermediate, neither mild nor acute and fulminating, which responds 
well to the method of washing the joint advocated by Cotton.* Eight 
cases are reported. The method is to make an incision and thoroughly 











30. Stiasny, H.: Zentralbl. f. Chir. 62:1351, 1935. 
31. Soeur, R.: Rev. d’orthop. 22:193, 1935. 

32. Murray, D. S.: Lancet 1:303, 1935. 

33. Jones, H. T.: J. Bone & Joint Surg. 17:559, 1935. 
34. Cotton, F. J.: Boston M. & S. J. 174:779, 1916. 
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irrigate the joint with physiologic solution of sodium choride for a 
half-hour or longer. The joint is then closed securely in layers and 
immobilized in a plaster cast. Favorable results were obtained in the 
cases reported. The methods of Willems,* i. e., early, adequate drainage 
followed by mobilization, and the method of Harris,** i. e., early drain- 
age followed by immobilization in plaster, should, in the opinion of the 
author, be reserved for the cases which could not be handled by the 
joint-washing procedure. The frequency of acute trauma and distant 
foci of infection as causative factors in producing infection of a joint 
were emphasized. 

Treatment of Lymphedema by Plastic Operation.—Gillies and 
Fraser ** report a case of lymphedema of both legs in which the con- 
dition resisted the usual forms of treatment. There was no evidence of, 
or history suggesting, acute lymphangitis. By thermal and excretion 
tests it was ascertained that the lymphatics of the limbs were patent 
and that the block lay at the junction of the extremities and the trunk. 
An almost perfect cure was established by transferring a long strip of 
skin and subcutaneous tissue from the forearm to the thigh and lateral 
abdominal wall. This “tap” had almost entirely removed the edema 
by the end of three months. Four operations were necessary to com- 
plete the “tap,” but simpler methods were discussed. 


Shelf Stabilization of the Hip—Howorth ** found in a study of 61 
hips which were congenitally dislocated that the shelf operation, which 
consists in turning out a bone flap from the ilium perpendicular with the 
horizontal axis of the body, was the most satisfactory type of operation. 
In this group about 75 per cent of the patients obtained good results. 
In the group in which the flap was turned upward the results were 
not as satisfactory. All results were rated from an anatomic, functional 
and symptomatic standpoint. The author is of the opinion that the 
shelf operation should not be done on a patient under 5 years of age. 
Early mobilization was indicated, but weight bearing was not permitted 
until the patient had good control over the hip or until the roentgeno- 
gram showed a well formed shelf. The operation was also done in 8 
cases of infantile paralysis. Howorth does not advise correction of the 
anteversion of the femoral head, which was present in half of the cases, 
without reduction of the dislocation. 


Interinnomino-Abdominal (Hindquarter) Amputation—Gordon- 
Taylor and Wiles *® report 5 cases of interinnomino-abdominal amputa- 
tion, in which 3 patients survived. They express the opinion that 


35. Willems, C.: Surg., Gynec. & Obst. 28:546, 1919. 

36. Harris, R. I.: J. Bone & Joint Surg. 7:849, 1925. 

37. Gillies, H., and Fraser, F. R.: Brit. M. J. 1:96, 1935. 

38. Howorth, M. B.: J. Bone & Joint Surg. 17:945, 1935. 

39. Gordon-Taylor, G., and Wiles, P.: Brit. J. Surg. 22:671, 1935. 
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although this must remain one of. the most colossal operations in 
surgery, with organization of team-work and the perfection of trans- 
fusion arrangements the mortality should be brought still lower. An 
excellent description of the operation is given. 


Operation for Bunion.—McBride *° reports an operative procedure 
for the treatment of bunion. This method consists in exposure of the 
metatarsal phalangeal joint through a 2 inch (5 cm.) incision beginning 
in the web between the first and the second toe and extending posteriorly 
parallel to the tendon of the extensor hallucis longus muscle. The 
conjoined tendon of the adductor hallucis and the flexor hallucis brevis 
muscle is exposed on the medial aspect of the base of the phalanx and 
its insertion divided. The external sesamoid bone is excised by sharp 
dissection, except when the operation is done on a person under 30 
years of age, in which case the bone is left intact. The conjoined tendon 
is transposed and reattached subperiosteally to the lateral aspect of the 
first metatarsal bone just behind the joint line. The bursa and capsule 
are shortened sufficiently so that when they are resutured the toe is 
held in the corrected position. The medial aspect of the head of the 
metatarsal bone is exposed, and the exostosis is removed with a thin 
osteotome, care being taken not to injure the inferior weight-bearing 
area or the cartilaginous surface of the joint. The wound is closed in 
the usual fashion, the toes being held in the corrected position by short 
plaster boots. Weight bearing is begun two weeks after operation with 
the toe held in the corrected position by means of adhesive tape for three 
or four weeks after operation. The author reviews 39 consecutive cases 
with excellent results, both from the point of view of the patient and 
from that of the surgeon. Overcorrection of the deformity was obtained 
in 2 cases. 

FRACTURES AND DISLOCATIONS 


Atlanto-A-ial Dislocation Unassociated with Trauma.—An excellent 
review of the literature relative to atlanto-axial dislocation unassociated 
with trauma is given by Hess, Bronstein and Abelson ** with a discus- 
sion of the various conflicting opinions on the mechanism of the pro- 
duction of this lesion. The authors add 2 more cases to the 22 previously 
reported and discuss several factors which may explain the production 
of such a lesion. 


Progressive Atlanto-Axial Dislocation—Kahn and _ Yglesias * 
point out that after fracture of the odontoid process progressive 


40. McBride, E. D.: Conservative Operation for “Bunions,” J. A. M. A. 
105:1164 (Oct. 12) 1935. 

41. Hess, J. H.; Bronstein, I. P., and Abelson, S. M.: Atlanto-Axial Disio- 
cations, Am. J. Dis. Child. 49:1137 (May) 1935. 

42. Kahn, E. A., and Yglesias, L.: Progressive Atlanto-Axial Dislocation, 
J. A. M. A, 105:348 (Aug. 3) 1935. 
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dislocation of the atlas on the axis may occur late, following a symptom- 
free interval. They stress the necessity of careful repeated roentgeno- 
graphic study of fractures of the odontoid process and if evidence 
of progressive dislocation is obtained, fusion of the upper part of the 
cervical portion of the spine should be performed. If there is evidence 
of myelitis due to pressure, laminectomy should be performed before 
the fusion. 

Treatment and Prognosis in Fresh Dislocation of the Shoulder.— 
Biebl,** from Bohler’s clinic in Vienna, reviews 110 cases of dislocation 
of the shoulder from two to eight years after injury. Forty-seven per 
cent of the dislocations were anterior, 52 per cent inferior and axillary 
and 1 per cent posterior. In the 60 patients with an axillary dislocation, 
36 had a fracture of the greater tuberosity of the humerus and 7 showed 
paralysis. In persons under 42 years of age almost all dislocations were 
axillary. Function was normal in 83 per cent as a study of the end- 
results revealed. The most serious disturbances of function were found 
in persons over 40 years of age with an’ associated fracture of the greater 
tuberosity. Myositis ossificans was observed only after axillary dis- 
locations. The fracture of the greater tuberosity healed in fairly good 
anatomic position in almost every case. Severe paralyses continued in 
only 2 patients. Habitual and recurrent dislocations occurred only 
in the anterior type. There were 3 recurrent and 4 habitual dislocations. 
By early and satisfactory reposition and by long observation, the author 
concludes that in almost every case, even the severe ones, one could be 
assured of a satisfactory end-result. 


[Ep. Note.—Biebl’s group of axillary dislocations includes many 
that would be called anterior dislocations in American nomenclature. | 


Fractures of the Radius——Magnus,** generalizing on the treatment 
for fractures of the radius, reports that in only 6 of 428 cases of 
fresh, typical fractures was open intervention required. A minimum 
of three weeks’ fixation was found indispensable. Thereafter, the splint 
is removed daily for motion. He remarks that the results in patients 
from country insurance groups are inferior to those seen in the city 
hospital. The paucity of roentgenographic studies and the lack of 
accurate reduction was outstanding in the former group. 

Fractures of the Head and Neck of the Radius—At the Massa- 
chusetts General Hospital, Jones ** found that open reduction of a 
fracture of the head of the radius was attended in general by poor 
results. He concludes that open reduction and replacement should not 


43. Biebl, R.: Arch. f. Orth. u. Unfall-Chir. 35:381, 1935. 
44. Magnus, G.: Miinchen. med. Wchnschr. 82:1026, 1935. 
45. Jones, S. G.: New England J. Med. 212:914, 1935. 
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be attempted except in cases of epiphyseal separation and occasionally in 
a case of fracture of the neck of the radius. Excision of a single small 
fragment which did not articulate with the ulna was attended by good 
results. He concludes that in all cases of comminuted and displaced 
fracture of the head and neck resection of the head should be performed 
within the first two weeks after injury. He points out that ossifying 
hematoma or myositis is a common complication. He employs the 
posterior lateral approach for removal of the head of the radius and 
the anterior approach for replacement of dislocations of the head of the 
radius. 


Fractures of the Neck of the Femur.—In an excellent paper, Bun- 
nell ** discusses the entire subject of fracture of the neck of the femur, 
blood supply, physiology of healing and methods of fixation. In con- 
clusion, he feels that internal fixation is desirable, by multiple pinning, 
the Smith-Petersen nail or the Albee bone graft. Satisfactory reduc- 
tion must precede fixation. Although the author prefers autogenous 
bone grafts, these in turn transfixed with smaller grafts, he believes 
that metal fixation is satisfactory if accurately done. To overcome 
or to facilitate blind nailing, he has devised an instrument with two 
sights. Whatever manner of fixation is used, weight bearing must be 
postponed at least six months, until the head of the femur has recovered 
from the primary injury or recalcified following the secondary changes 
seen so frequently. 

In the study of monographic proportions, Pauwels ** considers frac- 
tures of the femoral neck from the point of view of mechanics. He 
divides these fractures into three grades. In the first grade are those 
in which the angle of fracture is not more than 30 degrees from the 
horizontal. In the second grade are those in which the fracture lies 
between 30 and 50 degrees from the horizontal. In the third grade 
are those in which the fracture lies more than 50 degrees from the 
horizontal. The author has studied these three groups in relation to 
muscle-pull and weight-thrust and the influence of these factors on 
healing. Prognosis can be given according to the mechanical position 
of the fracture, not its position on the neck of the femur. In type 1, 
bony union usually follows almost any therapy. In type 2, the prognosis 
must be guarded; in type 3, it is usually poor. In type 2 more exact 
fixation of the fragments is indicated, and nail or screw fixation is 
often helpful. For type 3 the fracture must be changed into a type 1 
fracture, for which the author advises the osteotomy of Weil, a sub- 
trochanteric wedge-osteotomy which later makes a more direct down- 
ward pressure on the femoral neck. The author reports illustrative 
cases. A careful analysis of the mechanics of the hip joint is given. 





46. Bunnell, S.: California & West. Med. 43:27, 1935. 
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Fractures of the Femur at Birth—Ryden** reports 13 cases of 
fracture of the femur at birth in which various methods of treatment 
were used. He found that reposition and maintenance of the reduced 
position of the fragments were always difficult. In many cases it was 
impossible, and the fragments were left ununited in extreme malposition. 
Osseous union always occurred, and the malunion was eventually cor- 
rected by spontaneous remolding in from a few months to a year 
after union occurred. The children all learned to walk in the usual 
time. Examination of 6 patients after a lapse of from nine to twenty 
years revealed that the end-result was excellent in 5, whereas marked 
curvature at the site of the fracture was found in 1. A slight amount 
of shortening of the leg was observed in several cases. The author 
feels that the best method of treatment is extension in a portable plaster 
of paris bed, as recommended by Schanz.** 

Fractures of the Patella—Campbell,®® in a rather comprehensive 
paper, discusses the therapy of fractures of the patella. Of 127 cases, 
74 were instances of complete transverse fractures ; 64 of the fractures 
were recent, and 10 were ununited. The various surgical procedures 
are mentioned. The author stresses the importance of complete reduc- 
tion of the fragments and fixation by a circular rustless steel wire, 
transfixing proximal and distal tendon fibers. Motion is advocated after 
the tenth day. The wire is removed later if necessary. 


Treatments of Fractures that Heal Slowly or Not at All.—Konig ™ 


found universally low basal metabolism rates in 9 persons with delayed 
union and pseudarthroses. He attributes delayed union to this cause. 
He lists the rates of 7 of the patients as from a minus 9 to 20and of 2 as 
minus 23 and minus 29. He found that on the administration of a thy- 
roglobulin preparation the basal metabolism rose and the fractures 
healed. 


Matti’s Procedure of Implantation of Substantia Spongiosa in Cases 
of Fracture and Pseudarthrosis—K6nig,** on the basis of observations 
on 4 cases, recommends the method of Matti ** for pseudarthrosis. 
After the ends of the fractured bone are freshened and the marrow 
cavity of the bone above and below exposed, the bones are approximated, 
and spongy bone is packed firmly about the operative site. The posterior 
fibrous attachments to the ends of the bone are not disturbed, accord- 
ing to the author. The periosteum is closed over the mass. Konig 


. Ryden, A.: Surg., Gynec. & Obst. 60:1098, 1935. 

. Schanz, A.: Prakt. Orthopaedie, Berlin, Julius Springer, 1928. 
. Campbell, W. C.: South. M. J. 28:401, 1935. 
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comments especially on the rapidity of callus formation in 3 of his cases. x 
The spongy bone is obtained readily from the greater trochanter of the ‘ 
femur in considerable quantities. ; ; 






























RESEARCH 


Mycotic Lesions in Experimental Animals.—Sostegni ** introduced 
several of the myces in saline suspension into the medullary canals in 
one series on rabbits and into the joints in a second series. Photo- 
micrographs are shown of the lesions. Considerable discussion of the 
changes in the joints and bones is given, but no roentgenograms. 

Size of the Virus of Poliomyelitis—From an analysis by means of 
fractional ultrafiltration of broth suspensions of the enlargements of 
spinal cords of monkeys dying of poliomyelitis, Elford, Galloway and 
Perdrau ** conclude that the virus of acute poliomyelitis varies from 
8 to 12 millimicrons in diameter. 


Anatomic Observations of Senile Changes in the Shoulder.—Keyes,”® 
from a study of 192 shoulders in cadavers from the dissecting room, 
found that the most common abnormality was a partial rupture of the 
supraspinatous tendon; others were hypertrophic changes of greater 
tuberosity, calcification of the supraspinatous tendon, adhesions in the 


subacromial bursa, erosion of the floor of the subacromial bursa, fragility F 

of the greater tuberosity and erosion of the articular surface of the ; . 
head of the humerus. These changes are ascribed to age and are con- { ‘it 
sidered degenerative rather than due to infection. In every case the . he 


biceps tendon was intact, and there were no complete ruptures of the ae 
supraspinatous tendon. 


eS, 


Rupture of Intervertebral Disk in Experimental Animals.—Experti- 
mental rupture of the nucleus pulposus of rabbits performed by incision 
is reported by Filippi.** At ten, twenty, forty, eighty and one hundred 
days the animals were killed, and the intervertebral disks were studied. 
The fibrocartilage was not healed until forty days, and at this time pas- 
sive motion was limited. At eighty and one hundred days the lesion in 
the fibrocartilage was healed, the area of the nucleus pulposus was 
replaced with quite elastic fibrocartilage, and the passive motion of the 
joint was only slightly limited. The nucleus pulposus did not regenerate 
at any time. 
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Bone Growth and Repair.—Phemister ** discusses the methods of i | 
bone growth by calcification in fibrous tissue and the development of 4 
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bone from cartilage. He points out that the latter is less retarded by 
disease and disturbances of the endocrine system. The chief condition 
in which retardation of bone growth took place is infection at or near the 
epiphyseal line (tuberculosis) ; it is also caused by hypofunction of the 
pituitary gland, hypofunction of the gonads, hypofunction of the thy- 
roid gland and deficiency of the parathyroid glands. Bone development 
is stimulated by hyperfunction of the anterior lobe of the pituitary gland 
and by periarterial sympathectomy. The method of bone repair is dis- 
cussed, and the various theories as to this procedure are dealt with. 
Phemister is of the opinion that preservation of the periosteum is impor- 
tant in attempting to establish bone repair, and also that venous stasis 
plays a part in hastening bony union after fracture. Administration of 
calcium and phosphorus has not been shown to hasten the healing of 
fractures. Vitamin D has also been a disappointment as a factor in 
healing bone. The nature of ossification was discussed. 

Osteogenesis—In a careful study of osteogenesis in young dogs, 
Bisgard *° studied the repair of defects in the ribs at varying periods of 
time. He concludes that the costal periosteum is either directly or 
indirectly osteogenic and that the osteogenesis appears to take place in 
the cambium layer. If the periosteum was stripped of the cambium 
layer, it showed no osteogenic power. 

He found that costal regeneration is limited by the periosteum and 


fails to take place if the periosteum is extirpated. He points out that 
various factors influenced osteogenesis. Among them are age, blood 
supply and the presence of a foreign body in intimate contact with the 
periosteum. He also noticed that thermal cauterization and chemical 
and electrical coagulation either retard or prevent osteogenesis. 


59. Bisgard, J. D.: Osteogenesis: An Experimental Study, Arch. Surg. 30: 
748 (May) 1935. 








REPRINTS OF MacCOLLUM’S ARTICLE OBTAINABLE 


Requests addressed to Dr. Donald W. MacCollum of Boston for reprints of 
his article, entitled “Clinical Study of the Spermatogenesis of Undescended 
Testicles,” which appeared in the August issue of the ArcHives or SuRGERY, were 
destroyed, through inadvertence, during his absence. If those who wrote for 


reprints will address him again, at 81, Wimpole Street, London, W.1., England, 
they will receive the pamphlet. 
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